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INTRODUCTION 


The  dally  task  of  finding  more  truths  for  science  is 
not  always  tedious.     We  are  often  intrigued  v/ith  some  bit 
of  knowledge  which  has  come  to  our  attention  in  a  round- 
about manner  and  in  trying  to  fathom  its  secret  we  are 
tempted  to  linger  over  its  sweetness.    Yet,  if  it  remains 
too  sweet,  becom.es  ordinary  and  no  longer  does  it  attract 
us  as  in  its  earlier  youth.     We  must  test  it  to  find  its 
more  hidden  meanings  and  should  these  also  become  common- 
place we  are  at  once  beginning  to  lose  the  joy  of  the  un- 
known.    Total  truth  shall  always  be  elusive  for  once  we 
progress  ahead  there  is  still  more  in  sight  and  in  its  dis- 
covery joy  adds  to  joy.     Thus,  a  small  bit  of  knowledge  v/ill 
be  multiplied  unwittingly  in  the  searcher's  hand  until  he 
has  learned  not  only  more  about  it,  but  how  to  find  out 
even  more. 

Even  so  in  chemistryJ     The  process  of  sorting  out 
knowledge  which  v/ill  benefit  us  yields  unexpected  results 
and  to  these  results  we  apply  further  searches.     A  bril- 
liant, shiny  crystal  may  bring  our  senses  into  action  to 
find  out  why  it  is  shiny,  why  it  has  its  particular  shape 
and  of  what  it  consists.     A  curious  odor  may  start  someone 
on  the  road  to  discover  a  ne?/  perfum^e.     A  new  compound  may 
open  up  the  way  for  an  industry.     The  door  of  the  unknown 
always  shall  beckon  to  those  v/ho  are  curious.     A  challenge 
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is  offered  to  the  scientist  to  onen  it  and  light  the  v/ay 
for  those  v/ho  will  overtake  him  later  and  thrust  on  to 
the  next  door. 

This  dissertation  presents  the  results  of  a  search 
for  more  information  about  a  subst'-nce  which  at  one  time 
evoked  a  curiosity.     It  gives  the  results  of  trying  to  dis- 
cover some  fundamental  properties  of  the  substance,  its 
preparation  and  some  uses.     At  the  end  it  has  left  many 
problems  to  be  studied  and  solved;  certainly  this  writing 
does  not  indicate  that  the  door  has  been  closed  behind  the 
subject, 

ijtannous  oxide  is  a  dense,  black  compound  v/hich  v/as 
discovered  late  in  the  eighteenth  century.     It  would  be 
supposed  that  it  is  a  very  reactive  compound  because  it 
contains  stannous  tin.     Contrary  to  this  it  is  very  stable 
and  only  under  the  proper  conditions  does  it  react  readily. 
Due  to  this  unexpected  stability  and  because  it  contained 
the  reactive  reducing  agent,  stannous  tin,  it  shov/ed  good 
possibility  of  becoming  bl  useful  primary  standard  in  anal- 
ytical chemistry. 

The  first  problem  was  to  prepare  the  pure  compound 
and  to  do  this  some  inconsistencies  in  the  literature  had 
to  be  clarified.     There  were  several  methods  given  which 
were  studied  to  find  which  presented  the  best  conditions 
for  preparation.     The  second  problem  was  to  find  the  best 
conditions  for  using  the  pure  compound  as  a  primary  stand- 
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ard  once  it  had  been  prepared. 

The  study  of  the  preparotion  of  the  pure  oxide  led 
to  the  discovery  of  some  crystals  vyhich  v/ere  different 
than  any  reoorted  by  other  investigators.     This  led  to  a 
study  of  the  crystal  properties  particularly  in  respect  to 
the  occurrence  of  anisotropism  and  the  type  of  crystal 
produced  under  specific  conditions.     Values  of  the  density 
reported  in  the  liter-.ture  vary  markedly  and  since  the 
pure  compound  was  available  pycnometric  studies  were  made 
of  this  property. 


HISTORICAL  REVIEW 


Anhydrous  stannous  oxide  is  usually  obtained  as  a 
shiny,  blue-blsck  crystalline  powder  by  the  thermal  de- 
hydration of  hydrated  stannous  oxide''*".     It  may  also  appear 
golden  brown,  various  other  shades  of  brown,  grey  and 
black,  and  dull  black  when  prepared  by  decomposing  stan- 
nous oxalate.     Other  colors  such  as  red  and  orange  have 
been  assigned  to  the  anhydrous  oxide,  but  these  are  prob- 
ably intermediate  hydrated  substances. 

Stannous  oxide  was  first  reported  by  Pelletier"^, 
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Berzelius    prepared  the  anhydrous  oxide  by  heating  stannous 
hydroxide  in  a  retort  with  the  exclusion  of  air.     The  prod- 
uct was  a  black-grey  powder  v/hich  analyzed  88.03^  tin. 
Prousf^  described  a  grey  oxide,  or  "oxide  minimum"  of 
somewhat  doubtful  composition.     It  is  possible  that  his 
product  contained  stannous  oxide  along  with  other  substances. 

The  first  investigation  of  considerable  scope  on  the 
preparation  and  properties  of  stannous  oxide  was  reported 
by  Fremy'^in  1844.     He  perform.ed  experiments  to  determ.ine 
the  effects  of  varying  the  concentration  of  the  reagents, 
of  adding  various  salts  to  the  reaction  m.ixture,  of  heating 

*    Stannous  hydroxide  is  more  correctly  a  hydrated  oxide, 
2SnO.HpO,  often  containing  hydrous  water  when  freshly  pre- 
cipitated.    The  terms  stannous  hydroxide  and  hydrated  stan- 
nous oxide  are  used  interchangeably  in  this  dissertation. 

1.  Pelletier,B. ,  Ann.  Chim.  Phys.,   (1)  12,  225  (1792) 

2.  Berzelius, J. ,  J.  fuer  Chem.  u.  Physik,  6,  284  (1812) 

3.  Proust,  J.  de  Physique  61,  338  (1804) 

4.  Prem.y,  E. ,   Ann.  Chim.  Phys.,   (3),  12,  457  (1844) 
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at  various  temperatures  and  of  dehydrating  the  hydroxide 
at  room  temperature  by  me^ns  of  a  vacumn.     He  obtained 
small  black  crystals  of  the  oxide  by  heating  a  suspension 
of  the  hydroxide  in  potassium  hydroxide  solution.     If  the 
solution  contained  sufficient  KOH,  the  hydrate  dissolved, 
but  stannous  oxide  could  be  precipitated  by  heating.  Low 
concentrations  of  the  alkali  did  not  yield  crystals  until 
concentration  by  evaporation  had  taken  place.     It  was  found 
that  heat  was  not  necessary  to  effect  dehydration,  but  that 
crystals  occurred  when  the  solution  was  concentrated  by  ev- 
aporation under  reduced  pressure.     Dehydration  of  the  pure 
hydrate  suspended  in  boiling  water  took  place  only  very 
slowly,  but  was  speeded  up  by  the  addition  of  substances 
such  as  sodium  sulfate,  potassium,  sodium  or  ammonium  chlor- 
ide.    A  fluffy  brown  oxide  was  prepared  by  heating  the  hy- 
drate with  aminonia  solution.     It  was  olive  color  and  resem- 
bled that  obtained  by  heating  the  black  oxide     above  250*-* 
until  decrepitation  took  place.     Fremy  also  reported  a  red 
variety  of  stannous  oxide  which  he  prepared  by  heating 
rapidly  a  wet  mixture  of  freshly  made  hydroxide  and  ammon- 
ium, sodiiun  or  potassium  chloride  in  a  sm^all  casserole. 
The  product  was  similar  to  red  lead  in  appearance  and  gave 
a  brown  streak  on  rubbing  on  a  hard  body. 

A.  Ditte    made  a  detailed  study  of  some  of  the  cond- 


5.  Ditte,  A.,   Ann.  Chim.  Phys,     (5)  27,  145  (1882) 
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itions  which  affected  the  preparation  of  the  oxide.  Ex- 
perimenting on  suspensions  of  the  hydrate  in  \vater  he  made 
the  follov/ing  observations:     If  one  drop  of  hydrochloric 
acid  was  added  to  the  boiling  suspension,  the  hydrate  soon 
changed  to  a  crystalline  oxide;  if  sufficient  acid  was  add- 
ed there  appeared  brllllnnt,  olive  colored,  silvery  spangles. 
Acetic  acid  added  to  the  boiling  suspension  caused  a  grad- 
ual transformation  to  the  green  or  black  oxide.  Nitric 
and  sulfuric  acids  did  not  cause  any  transformation  to  the 
oxide.     The  addition  of  ammonium  chloride  to  the  boiling 
suspension  caused  the  transformation  to  begin  at  once;  a 
3-4%  solution  caused  a  slow  transformation  to  large,  trans- 
parent, silvery-green  crystals.     A  10%  solution  yielded 
dark  green-olive  crystals  and  a  33%  solution  dark  green 
ones.     The  density  of  the  oxide  appeared  to  increase  with 
the  concentration  of  the  salt.     Alkali  chlorides  did  not 
effect  the  transformation  and  it  would  appear  that  the 
action  of  ammonium  salts  was  due  to  their  slight  hydrolys- 
is with  the  formation  of  hydrochloric  acid,  which  in  turn 
catalyzed  the  reaction. 

A  0,6%  potassium  hydroxide  solution  saturated  with  the 
hydrate  and  left  at  15°  showed  black  specks  in  two  days;  in 
twelve  days  these  had  grovm  to  small  lustrous  crystals.  A 
4,5%  KOH  solution  dissolved  about  9  grams  of  the  hydrate  per 
liter  and  deposited  the  anhydride  in  24  hours.     An  8.4% 
solution  gave  an  abundant  amount  of  blue-black  oxide  in  a 
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few  hours.     A  solution  of  2lv  grams  of  potassium  hydroxide 
per  liter  and  saturated  with  the  hydrrte  gave  much  oxide, 
whereas  a  solution  of  393  grams  per  liter  yielded  grey  tin 
and  crystals  of  potassium,  stannate  as  well  as  the  blue- 
black  oxide.     The  oxide  was  obtained  by  adding  some  st fin- 
nous  chloride  to  a  boiling  susnenslon  of  the  hydrate  which 
then  turned  red,  then  greenish  and  finally  black.  The 
black  oxide  was  obtained  when  the  oxychlorlde  was  dissolved 
in  dilute  acid  and  the  solution  heated. 

A  red  crystalline  modification  was  reported  by  Roth 
who  prepared  it  by  heating  the  well  washed  hydrated  oxide 
with  a  solution  of  stannous  oxide  in  acetic  acid  at  56*^C. 
There  was  a  small  excess  of  free  acid  and  the  solution  had 
a  specific  gravity  of  about  1,06.     The  heavy,  red  crystals 
gave  a  green-brown  powder  on  grinding  and  turned  black  In 
sunlight.     Other  investigntors  have  attempted  to  obtain 
this  red  substance  without  success. "^'^ 

Sandall  prepared  the  crystalline  oxide  by  heating 
four  parts  of  hydrated  stannous  chloride  and  seven  parts 
of  crystalline  sodium,  carbonate  until  it  became  black 
throughout.     The  crystals  were  washed  free  from  chloride. 
Fraenkel  and  Snlplschkl"^^  found  that  this  method  gave  a 

6.  Roth,  R. ,  Jahr.  f.  pr.  Pharm.  u.  verw.  Paecher,  10,  381 
(1845) 

7.  Bury,P.W. ,  Partingt6n, J.R. ,  J.Chem.Soc.  121,  1998  (1922) 

8.  Weiser,H.B.,  Milligan, W. 0. ,  J.Phys.  Chem.  36,3039  (1932) 

9.  Sandall,S. A. ,Phll.  Mag.    (London)   (3),  12,  216  (1838) 

10.  Fraenkel, W.,  Sniplschkl,K. ,  Z.  anorg. Chem.  125,  235  (1922) 
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product  contaminated  with  stannic  oxide.     Boetger  ob- 
tained the  anhydrous  oxide  by  treating  stannous  hydroxide 

with  a  concentrated  solution  of  potassium  hydroxide. 
12 

Clasen      treated  moist  hydrated  oxide  with  hydrogen  cy- 
anide and  found  that  the  resulting  clear  filtrate  depos- 
ited black  stannous  oxide  upon  gradual  evaporation  on  a 
steam  bath.     Stannous  thiocyanate  dissolved  in  potassium 
hydroxide  also  yielded  black  oxide,     L.  Varenne-'-'^  produced 
stannous  oxide  by  boiling  stannous  salt  solutions  with  an 
excess  of  potassium  cyanide  for  two  or  three  days.     The  ox- 
ide Was  made  by  E.Maumene^'^  by  treating  either  tin  foil  or 
granules  with  dilute  nitric  acid.     Some  arranonium  salt  is 
formed  and  the  oxide  is  recoverable  due  to  its  passivity 
in  nitric  acid. 

Stannous  oxide  is  readily  prepared  by  heating  stannous 
oxalate  in  a  tube  at  red  heat;     Carbon  m.onoxide  and  carbon 
dioxide  are  the  productH-^^,     G.  Levi^ analyzed  stannous 
oxide  produced  by  this  method  and  found  it  contained  only 
87.84^  Sn  com.pared  to  88.12%  theoretical.     A.  Vogel"^'^ 
found  that  some  carbon  dioxide  is  retained  at  high  temp- 

11.  Boettger,R.,  J.  pr.  Chem.   (1)  76,  239  (1859)  " 

12.  Clasen, W.L.,  J.  pr.  Chem.   (1)  96,  352  (1865) 

13.  Varenne,L.  Compt.  rend.,  89,  3b0  (1879) 

14.  Iv:aumene,ii..  J. ,  Bull.  Soc.  Chim.    (Paris)  35,  598  (1881) 

15.  Levi,G.R.,  Nuovo  Cimento  1,  335  (1924) 

16.  Lieftig,J.,  Liebig  Ann.  95,  lib  (1855) 

17.  Vogel,A. ,  Neues  Jahrb.  Pharm.  4,  193  (1855) 
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eratures  v;hen  this  method  of  preparation  is  used. 

Tschermak-^^  heated  the  dried  hydrate  in  carbon  dioxide 
and  amronia  atmosoheres  and  obtained  a  dark  brown  oxide. 
A  study  of  the  action  of  carbon  dioxide  on  stannous 
oxide  at  elevated  terrioer atures  showed  that  this  gas  was 
reduced  to  some  extent  with  simultaneous  oxidation  of  stann- 
ous oxide-'-^.     iiinenuist        found  that  the  oxide  may  be  made 
by  oxidizing  fused  metallic  tin  in  air  while  stirring  the 
metal  constantly.     The  product  is  always  contaminated  with 
metallic  tin  and  he  does  not  recommend  this  m.ethod.  vVoehler 
and  Balz      in  studinff  the  action  of  water  vapor  on  tin  at 
elevated  temperatures  found  that  stannous  oxide  is  a  stable 
intermediate  product,  but  that  the  rate  of  formation  of 

stannic  oxide  is  so  great  that  the  amount  formed  is  relative- 

22 

ly  small.     Pink  and  Mantell      state  that  stannic  oxide  my  be 
reduced  by  hydrogen  to  stannous  oxide  providing  the  tempera- 
ture is  below  the  thermal  decomposition  point  of  the  lower 
oxide.     Tiede  and  Birnbraeuer        claim  to  have  prepared 
stajinous  oxide  by  heating  a  rod  of  pure  stannic  oxide  in 
vacumn  below  red  heat  until  it  becamie  black  and  the  gas 
evolution  stopped. 

Ts~,     Tscherm.ak,  J. , Wiener  Akad,  44,   (2),  724  (186ki) 

19.  Wagner,   A.,  A.   anal.  Ghem. ,  18,  559  (1879) 

20.  Eneauist,  E. ,  Eng.  Mining  J.,   60,  219  (1895) 

21.  Woehler,  0.,  Balz,  Z. ,  Elektrochem.ie,  27,  406  (1921) 

22.  Fink, G.  G.  , Mantell, C.L. ,  Electrochem.. See .  Trans. ,  51, 
430  (1927) 

23.  Tiede, E. , Birnbraeuer ,E. anorg.  Ghem. ,87,129,  (1914) 
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Stannous  oxide  was  obtained  by  Goldschrnidt        by  iieat- 

ine"  a  solution  of  stannous  formate.     He  also  obtained  the 

oxide  by  dry  distillation  of  the  formate  under  180°,  the 

by-products  being  carbon  dioxide,  formaldehyde  and  methyl 

form.ate.     An  oranp-e  colored  stannous  oxide  was  obtained  by 
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Sabatier  and  Ivlaihle        by  the  rapid  reduction  of  stannic 
oxide  by  alcohol  vapors. 

Brown  and  Henke^*^  noted  some  possible  catalytic  action 
of  iron  and  lead  impurities  which  seemed  to  cause  moist 
cakes  of  hydrated  stannous  oxide  to  turn  black  before  dry- 
ing.    It  was  also  observed  that  washing  the  cylinder  wall 
with  sodium  hydroxide  prevented  stannous  oxide  formiation  at 
scratched  places,  while  washing  with  hydrochloric  acid  did 
not  prevent  this.     Pink  and  Mantell        found  that  the  pH 
range  of  5  to  6.5  v/as  best  for  the  production  of  stannous 
oxide  from,  stannous  chloride  and  sodium  carbonate  solutions. 
Bury  and  Partington      concluded  that  hydrated  stannous  oxide 
chancres  slowly  to  the  anhydrous  forr'  upon  standing  under 
water.     They  found  that  dilute  hydrochloric  acid  had  no 
effect  on  boiling  with  the  hydrate,   although  a  few  drops  of 
glacial  acetic  acid  caused  formation  of  the  oxide.     It  was 
found  that  heating  the  oxide  hydrate     to  loO°  did  not  cause 
it  to  lose  all  of  its  water. 

ki4T     Goldschmidt,L.  ,  Chem  Repertoriumi,  coo,   ( 1907 ) 

Sabatier,   A.,  I':aihle,  Ann.  Ghim.  Phys. ,    (B),20,  289  (1910) 

26.  Brown, O.W.,  Henke,C.O.,  J.Phys.  Chem.   27,  739  (1925) 

27.  See  footnote  Page  6,  No.  22 

28.  See  footnote  Page  4,  No.  7 
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Bury  and.  Partington        noticed  that  moist  stannous 
oxide  blackened  on  the  outside  when  exposed  to  light.  This 
action  of  light  was  further  studied  by  reiser  and  Millighan^ 
who  exposed  hydrated  stannous  oxide  to  sunlight  and  found 
that  it  became  greenish,  while  comparison  samples  kept  in 
the  dark  remained  white. 

Several  methods  of  preparation  were  tried  by  Mixter 
in  order  to  find  the  best  one.     He  chose  two:     A- An  excess 
of  amr!:onia  was  added  to  a  solution  of  stannous  chloride  and 
the  m.ixture  hep.ted  for  several  days  on  a  steam  bath.  xhe 
product  contained  m.uch  stannic  oxide.     B-Sodium  hydroxide 
was  added  to  a  stannous  chloride  solution  until  part  of 
the  resulting  hydrated  oxide  was  dissloved.     The  mixture  was 
heated  until  all  of  the  white  had  disappeared.     xhe  dried 
oxide  contained  96,2%  stannous  oxide. 

Praenkel  and  Snipi schki'-"'  revised  Ditte's  m.ethod  as 
follows:     Stannous  chloride  is  dissolved  in  the  smallest 
possible  amount  of  hot  hydrochloric  acid  and  a  sodium 
carbonate  added  carefully  intil  the  m^ixture  is  .lust  basic 
to  Dhenolohthalein.     The  m.ixture  Is  then  digested  on  a 
bath  of  boiline-  saturated  salt  water  for  two  to  three  hours, 
during  Vt/hich  tim.e  a  blue-black  powder  with  a  metallic  luster 
if  formed.     Their  product  dissolved  in  hydrochloric  adid 
v/ith  a  slight  opalescence. 

29.  See  footnote  Page  4,  No.  V 

30.  See  footnote  Page  4,  No.  H 

31.  Iv:ixter,  W.G.  ,  Am.  J.   Sci.,  iV,   27  229  (1909) 

32.  See  footnote  Paf?e  4,  No.  10 

33.  See  footnote  Page  2  No.  5 


Straumanis  and  citrenk        give  slightly  different  dir- 
ections for  prepHrincr  the  ourest  oxide.     ihe  v/ell  washed 
hydrate  is  treated  with  a  3;^  solution  of  sodium  carhon&te 
and  heated  on  a  boiling  water  bath  until  a  heavy,  dark  pre- 
cipitate is  formed.     it  is  crystalline  and  may  be  separated 
by  decantation  from  the  white,  unchanged  hydrate.     ihe  yield 
is  about  80%  of  99. 5^^  pure  oxide. 

ihe  formation'      of  stannous  oxide  from  the  h"drate  , 
prepared  by  addinp-  sodium  carbonate  to  a  stannous  chloride 
solution,  takes  olace  more  readily  than  when  the  hydrate  is 
prepared  by  the  reverse  procedure;     that  is,  by  adding  the 
stannous  chloride  solution  to  the  sodium    carbonate.  This 
m.ay  have  been  due  to  a  trace  of  stannous  chloride  which  was 
found  to  be  present  in  the  former  method. 

The  results  of  the  f oremjentioned  investigations  may 
be  sumriiarized  in  a  fev/lbrief  generalized  statements. 

1.  Stannous  oxide  may  be  prepared  by  treating  the 
hydrate  with  either  acidic  or  basic  solutions,  pre- 
ferably at  elevated  tem.peratures. 

2.  Pure  wet  hydrated  stannous  oxide  will  decom.pose 
to  the  anliydrous  oxide  on  standing  at  room  tem.per- 
autre  ,  on  being  heated,  and  on  exposure  to  sunlight, 

•  3.     The  oxide  is  produced  by  the  therm. al  decom.posi- 
tion  of  stannous  oxalate  and  dry  hydroxide. 

34 ,     S traumanis,f,  . ,  Strenk,C.,  tT,   anorg.   allg.   Chem.  ,215 
.701,  (1933) 

36.     Pesroe,  J.K.,  Goeren,  S.M.,  J.  Phys.  Ghem, ,52,  1425 
(19.28) 
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4.  Stannous  oxide  may  be  prepared  by  controlled 
oxidation  of  tin  metal,  by  controlled  reduction  of 
stannic  oxide  with  hydrogen,  and  by  heatinp  stannic 
oxide  at  a  high  temoerature  in  a  vacumn.  Alcohol 
vapors  also  reduce  the  stannic  oxide  to  stannous 
oxide  at  elevated  temoeratures. 

5.  A  red,  crystalline  oxide  has  been  reported 
but  its  existence  has  not  been  substantiated. 

6.  Free  ammonia  appears  to  pr  went  the  formation 
of  stannous  oxide  grom  the  hydrate  suspended  in 

a  water  solution. 

7.  Stannous  oxide  may  be  prepared  by  tret-ting  tin 
foil  with  dilute  nitric  acid. 
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Theory  of  the  Preparation  of  /anhydrous  Stannous 

Oxide 

The  chemistry  of  the  preparation  of  anhydrous  stannous 
oxide  from  a  solution  of  stannous  salt  in.ay  be  divided  into 
two  parts.     The  first  is  the  precipitation  of  the  hydrsted 
oxide  and  the  second  is  the  dehydration  of  the  hydroxide 
with  the  fori  ration  of  the  anhydrous  oxide.     The  first  orob- 
lein  is  typical  of  3ny  preciyition  process  which  Involves 
the  formation  of  an  amorphous  or  gelatinous  precipitate 
and  must  take  into  account  such  factors  as  the  mode  of  mix- 
ing the  reacents,  the  temperature,  the  concentration  of 
each  reagent,  the  presence  of  foreign  substances,   and  re- 
lated problems  of  coprecipitation,  colloid  form^ation  and 
adsorption.     The  second  problem,  involves  such  factors  as 
the  excess  reap:ent  present  (fundamentally,   the  hydrogen 
ion  concentration;,   the  temperature  and  the  presence  of 
catalytic  a??ents. 

A  short  discussion  of  the  theory  involved  is  not  amiss 
at  this  Doint  in  order  to  better  understand  the  practical 
problems.     The  addition  of  an  acid  solution  of  stannous 
chloride  to  a  solution  containing  an  excess  of  base  will 
cause  the  precipitate  of  hydrated  stannous  oxide  to  be 
formed.     'Sae  precipitate  will  consist  of  the  hydrate  with 
a  small  am.ount  of  adsorbed  base  and  probably  som.e  adsorbed 
or  occluded  salt.     For  best  results  the  acid  solution  must 
be  added  slowly  with  agit-.tion  to  m.inimize  these  effects. 
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The  reverse  procedure  of  addlnp'  the  base  to  an  excess  of 
acid  solution  of  the  stannous  chloride  may  be  expected  to 
result  in  a  small  portion  of  basic  salt  due  to  the  presence 
of  excess  stannous  salt  during,  the  addition.     Lore  rapid 
addition  would  tend  to  form  less  basic  salt  since  there 
would  be  local  concentrations  of  zae  base  and  a  deficiency 
of  the  stannous  chloride.     An  excess  of  base  added  to  the 
acid  stannous  solution  might  react  with  any  basic  salt  to 
form  the  hydrate,  but  this  reaction  would  depend  on  the  rel- 
ative solubility  of  the  two  substances,  the  less  soluble  one 
being  present  in  the  end.     Increasing  the  concentration  of 
either  of  the  reactants  would  favor  the  form_ation  of  the 
corresponding;  product,  that  is,   the  basic  salt  or  the  hy- 
drste.     The  addition  of  the  tv/o  reagents  at  the  sam.e  time 
v/ould  probably  favor  the  formation  of  somie  basic  salt  since 
the  local  dilution  of  the  stannous  solution  might  cause 
som-e  hydrolysis  before  it  had  reacted  with  the  base. 

The  temperature  effect  would  be  noticeable  in  that 
at  lower  tem.per atur es  the  precipitate  v/ould  tend  to  be 
gelatinous  -c^nd  at  higher  temperatures  it  would  be  more 
compact.     Occliision  is  m.ore  likely  at  lower  temperatures 
due  to  the  larger  apparent  volum.e  of  the  precipitate. 

Heavy  metal  ions  woiild  be  co-precipitated  as  their 
basic  salts  or  hydroxides  and  these  would  be  occluded 
with  the  precipitate.     Anions  which  form  insoluble  salts 
with  stannous  ion  would  be  co-precipitated  as  these  com- 
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pounds  if  they  were  ^resent.     In  either  case  the  comDounds 
formed  could  not  be  removed  by  any  orocess  of  v/ashin/^;  hence 
the  interferinp;  ions  must  be  removed  before  precipitation  is 
attempted.     The  presence  of  any  of  the  alkali  metals  or  an- 
ions v;hich  form  soluble  salts  with  stannous  ions  are  of  less- 
er importance.     They  are  not  co-precipitated  or  adsorbed 
readily  and  may  be  removed  to  a  lar,<;^e  extent  by  washing. 

The  w-iter  content  of  the  precipitated  hydrate  is  like- 
ly to  vary  under  different  conditions  of  formation  and  it 
v>'Oi:ild  be  necessary  to  subject  the  precipitate  to  close  an- 
alysis to  decide  vvhat  its  v^&ter  content  is.     This  problem 
has  not  been  studied  insofar  as  it  affected  the  nature  of 
the  final  oxide.     According  to  the  literature  it  is 

probable  that  there  is  but  one  hydrate  formed,  nairiely,  the 

1,2,5 

hemii- hydrate,  ■A.3nO.H2Q  .     Other  v.ater  carried  dov/n  by 

the  hydr: te  is  best  described  as  hydrous  water  and  is  less 
tenaciously  held  than  that  in  the  heir i-hydr ate. 

The  second  problem    in  the  form.ation  of  the  anhydrous 
oxide  is  the  dehydration  of  the  hydrate.     Dehydration  may 
be  accom.plished  by  heating  the  hydrate,  either  dry  or  in 
water  solutions  of  acid,   salts  or  bases.     The  first  method 
is  not  of  importance  since  it  is  desirable  to  obtain  a 
crystalline  product  and  it  produces  a  very  fine  divided 

T,     Bury,  P.W.,  Partington,  J.R.,  J.  Chem. ooc ., 121, 1998  ( 1922 ) 

2.  Weiser,  H.B.,  Mlllis^an  W.O.,  J.  Phy.  Chem,   36,;^039  (1932) 

3.  Schaffner,  L. ,   Ann.  51  168  (1B44) 
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oxide.     The  second  method  has  the  advantaf?;e  of  providing  a 
medium  from  vhich  the  product  may  crystallize. 

R  few  frener alizatlons  may  be  rnfe.de  on  the  factors  Vv-hich 
affect  this  crystallization.     The  process  involves  a  trans- 
formation from  a  very  finely  divided  hydrate  to  a  ve2j'  def- 
inite crystalline  oxide.     For  the  formation  of  crystal- 
line substances  it  is  necessary  that  a  crystallizing  medium 
is  oresent  from:  which  the  constituents  may  deposit  in  an 
orderly  fashion.     This  means  that  the  m.edium  m.ust  be  capable 
of  dissolving  enough  of  the  hydrate  to  form  a  solution  sup- 
ersaturated in  respect  to  the  anhydrous  oxide.  Stannous 
oxide  hydrate  is  amphoteric  in  nature  and  is  readily  solu- 
ble in  acid  or  alkali  solutions.     Anhydrous  stannous  oxide 
is  also  soluble  in  acid  and  basic  solutions  and  it  is  found 
thRt  there  are  conditions  under  which  the  hydrate  is  more 
soluble  than  the  anhydrous  form  and  will  dissolve  with  sub- 
sequent precioi tation  of  the  crystalline  oxide.     It  is  ob- 
vious that  this  involves  crystallization  reactions  under 
varyina-  concentrations  of  hydro2"en  ion. 

The  hydroxide,  once  prepared,  m.ay  be  washed  free  from 
any  excess  reagent  and  salt  formed  in  the  reaction  and  then 
treated  with  any  type  of  substance  capable  of  form.lng  an 
acidic        basic  solution,  or  it  msy  be  left  in  the  solution 
containing  the  excess  reap-ent  which  w'll  produce  either 
condition  depending  on  v/hich  reagent  is  in  excess.  The 
temperature  of  the  m.ixture  at  this  point  is  important  because 
it  affects  the  solubility  of  both  substances  as  well  as  the 
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rate  of  the  reactions  (dissolving  and  precini tation)  taking 
place. 

Brown  and  Henke"*"  have  mentioned  that  there  iray  be 
some  catalytic  action  of  lead  and  iron  salts  on  the  dehy- 
dration reaction  and  likewise  the  presence  of  other  sub- 
stance may  have  either  a  positive  or  negative  effect  on 
the  reaction.     It  has  been  shov/n  that  there  is  a  photosens- 
itive reaction  when  the  hydrate  is  exposed  to  sunlight,  the 
reaction  probably  being  a  dehydration  process  Should 
the  reaction  take  place  in  glass  apparatus  it  will  be  im.- 
portant  to  prevent  any  catalytic  effect  due  to  sunlight. 
Lastly,  all  these  factors  will  have  some  effect  on  the  rate 
of  form.ation  of  nuclei  and  their  rate  of  growth  which  in  turn 
decide  whether  the  crystalline  product  will  consist  of  large 
or  small  crystalls,  cluster  and  irregular  growths,  or  well 
formed  individual  particles. 

r:     Brown,  0. W.  ,  ■"Henke,"~cTo.  ,  J. 'Phys.  Ghem.  ,  27,  739  (1923 ) 

2.  Bury,  P.W.  ,  Partinj^ton,  J.R.  ,  J.  Ghemi.   Soc,  121,  199b 
U922) 

3.  Weiser,  H.B.,  Killigan,  W.O.,  J.  Phys.   Ghem.,  36,  3039 
(1932) 
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Reagent  Cone  entration  5     Effect  of  Hydrofren  Ion  Concentration 

A  discussion  of  the  effects  of  varying  the  hydrogen 
ion  concentration  or  reagent  concent2''ation  csnnot  be  read- 
ily separated  for  one  is  dependent  on  the  other.     Base  is 
used  to  precipitate  stannous  hydroxide  and  an  excess  of 
either  base  or  stannous  chloride  determines  the  final  hy- 
drogen ion  concentration. 

Stannous  chloride  is  used  in  the  form  of  hydrochloric 
acid  solution,  the  presence  of  the  acid  being  necessary  to 
prevent  hydrolysis  of  the  stannous  salt  with  subsecuent 
formation  of  an  insoluble  basic  chloride.     This  type  of 
solution  was  used  throughout  this  research  problem  with  only 
a  few  excei?tions  to  be  noted  later.     It  has  the  advantage 
over  sulfuric  acid  solutions  that  less  trouble  is  encount- 
ered with  formation  of  under sireable  products  upon  m.ixing 
with  a  basic  substance.     Nitric  acid  solutions  are  not 
practical  since  sore  oxidation  would  take  place,  and  acetic 
acid  solutions  are  not  used  since  an  acetate  is  formed 
which  r.ight  buffer  the  solution. 

Neutralization  of  the  acid  solution  and  precipitation 
of  the  hydroxide  may  be  accom.plished  with  any  soluble  base 
and  v/ith  many  salts  of  weak  acids.  For  practical  purposes 
only  the  commion  bases,  sodium,  potassium,  and  ammonium  hy- 
droxides and  potassium  and  sodium,  carbonates  were  used 
since  it  is  not  desireable  to  introduce  any  heavy  metals 
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which  mip:ht  copi^ecipitate  readily  v/ith  the  stannous  oxide 
hydrate. 

The  effect  of  the  hydrogen  ion  concentration  on  the 
foriration  of  the  anhydrous  oxide  from  the  hydrate  was 
studied  by  precipitating  the  latter  by  adding  an  excess 
(150  ml.)  of  cold  concentrated  amjr.onium.  hydroxide  to  a  solu- 
tion of  46.5  grams  of  tin  dissolved  in  175  ml.   of  concentrat- 
ed hydrochloric  acid  and  diluted  to  ?000  ml.     The  precipitate 
was  washed  by  decantation  with  distilled  water  until  incip- 
ient peptization  took  place.     At  this  point  the  mixture  had 
a  pH  of  about  7  and  contained  a  sm^all  amount  of  ammonium 
chloride,   estim.ated  as  ©.001m..     The  resulting  suspension  was 
diluted  and  portions  containing  about  0.5  gram  were  placed 
into  test  tubes,  the  desired  am.ount  of  acid  or  base  added 
and  diluted  to  25  ml.     The  tubes  were  stoppered  and  placed 
in  an  oven  at  55^  C.   and  observed  at  intervals  to  note  the 
progress  in  the  re^^ction.     At  the  end  of  the  period  of  ob- 
servation the  supernatant  liauid  was  tested  Vi?ith  pH  test 
paper  and  the  solid  was  examined  under  the  microscope  for  the 
presence  of  crystal  formation. 

The  results  are  expressed  in  Table  I  in  which  the  pH, 
the  substance  added  and  the  tim.e  of  reaction  are  given. 
The  time  values  given  are  appr oxim.ately  accurate  since  the 
first  observation  wag  made  after  tvvo  days  of  heating.     It  is 
to  be  noted  that  where  small  amounts  of  base  were  added 
that  it  probably  reacts  with  the  ammonium  salt  producing  a 
buffered  solution;     hence,   the  occurence  of  the  bases  listed 
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Table  I.     Formation  of  Stannous  Oxide  from  0.5  Gram  Samples 
of  Stannous  Hydroxide  at  Varying  Hydrogen  Ion  Concentration. 
Temperature  55°C. 


pH    Time  for 
Conversion 
Days 


Sub  s  t  anc  e 
added 


HCl 
HCl 
HAc 


HCl 


Remarks 


No  conversion  in  15  days. 
No  conversion  in  33  days. 
Partial  conversion  in  15  days. 

Brown  oxide. 


8 


10 


2 
2 
2 
4 

2 
2 
2 
2 
2 
2 
2 
3 
4 
4 
4 


4 
4 
17 


17 


HCl 
HCl 
HAc 
HCl 


Brown  oxide. 
Golden  and  black  oxide. 
Golden  brown  oxide. 
Brown  oxide. 


HCl  Black  and  gold-brov/n  oxide. 

HCl  Brown-black  oxide. 

HAc  Black  and  gold-brown  oxide. 

HAc  Brown-black  oxide. 

HAc  Brown-black  oxide. 

HNO3  Brown-black  oxide. 

HgS04  Brown-black  oxide. 

HCl  Gold  and  black  oxide. 

HNO3  silver-black  oxide.  BO^o  converted, 

H2SO4  Black  oxide.     V5%  converted. 

H3PO4  Brown-black  oxide. 

H3PO4  Acid  concn.   originally  O.OIM. 

No  reaction  to  form  oxide. 

NaOH  Brown-black  oxide. 

KOH  Brown-black  oxide. 

NaOH  Black  oxide. 

NH4OH  No  reaction  in  19  days. 

NH4.OH  Pew  crystals  in  33  days. 

Ba(0H)2  Pew  crystals  in  19  days. 

KOH  No  conversion  in  19  days. 

KOH  Blue-black  crystals;  some  anis- 
otropic. 

NH4OH  No  conversion  in  19  days. 

NaOH  Pew  crystals  in  17  days. 

NaOH  Pev;  crystals  in  33  days. 

NH4OH  No  conversion  in  19  days. 


(12) 


NaOH 


Pew  crystals.  Rest  dissolved. 


(   )  indicates  estim.ated  value  of  pH 
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under  the  nri  values  of  5  and  7.     Each  substance  v;hlch 
occurs  more  than  once  under  a  single  pH  value  represents 
an  Individual  test.     In  the  case  of  phosphoric  acid  where 
enough  acid  was  added  to  bring  the  concentration  to  about 
O.OIM    the  final  pH  was  found  to  be  4.     Probably  it  had  re- 
acted with  the  hydrate  to  form  an  insoluble  phosphate. 
This  would  account  for  the  higher  pH  observed  as  well  as  for 
the  fact  that  no  oxide  was  produced. 

Analysis  of  the  results  of  Table  I  shows  that  in  the 
dehydration  process  the  hydrogen  ion  concentration  of  the 
solution  is  very  important.     The  hydrogen  ion  concentration 
v/as  found  to  have  some  effect  on  the  appearance  of  the  final 
product,  it  being  a  golden-brown  or  brown  color  when  pro- 
duced in  the  more  acid  solutions  and  brovm  black  in  the 
less  acid  solutions.     Crystals  form.ed  in  basic  solutions 
v/ere  always  deep  blue-black  or  black  color,  even  when 
formed  in  srt-all  amounts.     This  color  is  due  m.ainly  to  the 
thickness  of  the  crystalls.     In  acid  solutions  the  crystals 
v/ere  thin  and  Dale  yellow  to  yellow-brovm  to  opaoue.  The 
transition  was  gradual  throughout  the  pH  range  and  often 
there  was  a  mixture  of  the  very  light  and  opaoue  ones. 

The  information  in  Table  I  is  plotted  in  Figure.  1, 
the  pH  and  rate  of  formation  being  the  coordinates.     it  is 
seen  that  the  rate  of  conversion  to  the  oxide  is  lov/  at  a 
very  low  pH  values.     It  increases  rapidly  at  pH  values  of 
2  t6  4  and  decreases  again  at  pH  6.     The  rate  remains  low 
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until  a  pK  of  11  or  12  then  rises  rapidly  once  more.  Data 
at  this  end  are  insufficient  to  state  definitely  the  shape 
the  curve  will  tske  at  55°C. 

A  second  series  of  experiments  to  test  the  effect  of 
pH  on  the  forn-^ation  of  the  anhydrous  oxide  at  100^  C.  was 
carried  out  by  boiling  portions  of  the  washed  hydrate  (pre- 
pared as  described  above)  in  small  conical  flasks  v/ith  the 
requisite  amount  of  acid  or  base.     The  amount  of  hydrate 
was  about  0.5  gram,  and  v/as  diluted  to  25  ml.   in  order  to 
stimulate  conditions  obtained  in  the  previous  tests.  The 
data  obtained  were  sc'-;nty  and  unfortunately  the  hydrogen 
ion  concentrations  were  not  measured.     By  comparison  with 
similar  conditions  the  estimiated  value  of  the  latter  is 
given. 


Table  II     Formation  of  Stannous  Oxide  from;  0.5  cram,  sam.ples 
of  Stannous  Hydroxide  at  Varlng  Hydro.ren  Concentration. 
Tem.perature  100 


pH 

Time  for 

Substance 

Rem.  arks 

conversion 

added 

(1) 

HGl 

No  conversion  after 

120  min. 

(2) 

15 

m.a  n . 

HCl 

Brown  oxide 

(2) 

10 

ti 

HCl 

Dull  black  oxide 

13) 

40 

ti 

HCl 

Brown-black  oxide 

(5) 

bo 

II 

KOH 

Dull  black  oxide 

(5) 

I'/O 

?i 

NaOH 

Brown  black  oxide 

(«) 

bO 

If 

NaOH 

Lustrous  blue-black 

oxide 

(9) 

80 

It 

KOH 

Lustrous  blue-black 

oxide 

a2) 

20 

It 

KOH 

Lustrous  blue-blGck 

oxide 

(12) 

NaOh 

Hydrate  dissolved; 

no 

crystal  formation. 


(    )     Estimated  from,  other  data. 

The  results  of  this  experim.ent  are  given  in  Table  II. 
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Figure  1.     liate  of  Conversion 
of  0.5  G.  Samples  of  Sttmnous 
Hydroxide  to  Stannous  Oxide  at 
55°C. 
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pH 


8 


10 


12 


14 


Figure  2.  Rate  of  Conversion 
of  0.5  G.  Samples  of  :-itannous 
Hydroxide  to  .jtannous  Oxide  at 
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It  is  seon  that  the  results  are  similar  to  those  obtained, 
at  55°  except  for  the  tine  reaction.     The  color  of  the  pro- 
duct at  different  pii  values  varied  from  brown  to  blue-black 
and  none     was  produced  which  nad  the  very  thin  crystal  form- 
ation (gold-brown  oxide)  noted  in  Table  1.     This  was  pro- 
bably due  to  the  much  greater  rate  of  deposition  of  the  stan- 
nous oxide  and  relatively  lesser  rate  of  formation  of  the 
nuclei     at  the  higher  temperature,  causing  the  crystals  to 
become  thicker. 

The  rate  of  reaction  is  olotted  against  the  pH  in  Fig- 
ure 2  and  a  curve  similar  to  that  is  Figure  1  is  obtained, 
except  the  peak  on  the  acid  side  has  shifted  to  the  left. 
The  data  in  Figure  1  is  not  wholly  accurate  since  the  first 
observation  of  the  reactions  v^as  made  two  days  after  it  had 
started,  and  only  one  point  is  given  for  pn  2,     This  may 
account  for  the  difference  of  positions  of  the  two  peaks. 

Table  III  gives  some  similar  data  obtained  v^hen  approx- 
imately 10  gram-  samples  of  pure  stannous  oxide  were  prepared 
by  heating  washed,  precipitated  hydrated  stannous  oxide 
(from  adding  acid  stannous  chloride  to  an  excess  of  ammonia 
solution;  at  different  hydro?ren  ion  concentrations.  The 
data  are  plotted  in  Figure  7>  and  the  curve  obtained  is 
similar  to  that  in  the  previous  figures. 


f 
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Table  III      Formation  of  Stannous  Oxide  from  11  p;r&ms  of  ^ 
the  Hydroxide  in  Presence  of  HCl  or  NaOH.     Temperature  100  C. 
(Data  from  section  on  preparation  of  pure  stannous  oxide.) 


Sample 

pH 

Reaction 

Rem.  arks 

No. 

time 

P->31 

5 

14 

min. 

brov/n  oxide.  Dentritlc 

crystals. 

P-6 

4-5 

31 

II 

blue-black 

oxide. 

Pine 

crystals. 

P-7 

5 

70 

T 

'^rey-black 

oxide. 

Fine 

crystals. 

P-b 

5 

83 

tl 

blue-black 

oxide. 

Fine 

crystals. 

P-25 

5 

60 

M 

blue-black 

oxide. 

Pine 

crystals. 

P-2b 

5-6 

55 

ri 

blue-black 

oxide. 

Fine 

crystals. 

P-24 

9 

240 

il 

blue-bl.ock 

oxide. 

bO^o  converted. 

P-20 

12 

BO 

II 

blue-black 

oxide. 

Larf^e 

crystals. 

P-19 

1.3 

33 

II 

blue-black 

oxide. 

Larf^e 

crystals . 

P-23 

1.-^) 

27 

blue-black 

oxide. 

Larp:e 

crystals. 

Mention  has  been  made  that  the  preparation  of  anhydrous 
stannous  oxide  can  be  divided  into  two  parts,     the  prepara- 
tion ^5nd  the  dehydration  of  the  hydrate,  respectively.  The 
information  in  Tables  I-III  was  from  m.easurements  on  the 
tire  of  dehydration  of  the  hydrate  which  had  been  washed 
free  from,  impurities.     The  following  test  of  the  effect  of 
hydrogen  ion  concentration  were  made  by  preD;^ring  the  hy- 
drate and  dohydratine-  it  in  one  continuous  operation,  no  re- 
gard being  taken  for  the  reaction  products  due  to  neutral- 
ization, or  for  any  porducts  co-prec 3 di tated  with  the  hydrate, 

Experiments  were  preformed  to  determine  the  effect  of 
adding  excess  of  base  to  a  boiling  solution  of  stannous 
chloride  by  me;isuring  the  tire  of  formation  of  anhydrous 
oxide.     The  exoeriments  consisted  of  measuring  out  50  ml. 
of  stannous  chloride  solution  (approximately  0.6  l.  SnCl.^,  and 
2.0  M  HGl  )  into  a  beaker,  diluting  to  150  ml.,  heating  to 


boiling  and  adding  the  base  rapidly.     The  resulting  suspen- 
sion was  kept  boiling  nt  a  rapid  rate  to  ensure  good  agita- 
tion until  conversion  had  occured.     xhe  bases  used  were 
solutions  of  sodium  hydroxide,  potassium  hydroxide  and  ararnon- 
ium  hydroxide,  and  solid  sodium  and  potassium  carbonates. 

The  data  obtained  from,  these  experim.ents  are  given  in 
Tables  IV- VIII.     The  actual  data  v/hich  were  m.easured  consist- 
ed of  the  total  am.ount  of  base  added,  the  resulting  pH,  (up 
to  10,  the  limit  of  test  paper),   the  tim.e  of  reaction  and 
the  yield.     The  theoretical  hydrogen  ion  concentration  is 
calculated  from  the  am.ount  of  excess  base  v/ithout  consider- 
ing any  effect  due  to  the  solubility  of  the  hydrate  and  oxide. 
The  information  resulting  from  these  calculations  is  used  in 
plotting  the  curves  in  Figures  4-7,  the  calculated  pH  being 
used  instead  of  the  m^easured  value. 


Table  IV.     Formation  of  Stannous  Oxide  fromi  Stannous 
Hydroxide.     Excess  Sodium  Hydroxide  added  to  bO  m.l.  of 
Boiling  0.t)M  Stannous  Chloride  Solution. 


Sample 

NaOH 

Exc  ess 

pH 

dH 

Reaction 

Yield 

No. 

added 

KaOH 

Meas- 

cal'd. 

tim-e 

gr  ams 

gramis 

Iv:oles/l. 

ured 

mxinutes 

of  SnO 

O-o 

b.O 

8 

8.0 

14.0 

3.5 

0-28 

5.25 

0.04t> 

12 . 7 

5.0 

3.4 

0-24 

5.5 

0.09 

%c 

13.0 

1.5 

2.8 

0-29 

5.5 

0.09 

13.0 

1.5 

3.0 

0-50 

b.O 

o.lv 

13.2 

0.75 

2.0 

0-51 

V.O 

0.33 

15.5 

0.5 

1.7 

0-53 

V.5 

0.42 

"rx 

13.0 

0.2  H 

1.0 

0-52 

8.0 

0.50 

4\ 

13.7 

pH  above  1'.     Not  measurable  v/ith  available  test  paper, 
js  time  less  than  0.5  m.inutes. 

#  precipitate  dissolved  entirely.     Pew  oxide  particles  form.ed 
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Table  V.  Formation  of  Stannous  Oxide  from  Stannous  Hydrox- 
ide, iiixcess  Potassium  Hydroxide  added  to  50  ml.  of  Boiling 
Stannou>s  Chloride  solution. 


Sample 

KOH 

Exc  ess 

PH 

pH 

Reaction 

Yield 

No. 

added 

KOH 

meas- 

cal'd. 

time 

grams 

grains 

mjoles/l. 

ured 

minutes 

SnO 

0-44 

B.O 

10"^ 

9 

9 

(28) 

2.0 

0-45 

«.5 

0.059 

12.8 

5 

3.0 

0-46 

9.0 

0.119 

13.1 

1 

2.4 

9-47 

9.5 

O.lVd 

13.3 

5 

3.0 

0-48 

9.5 

O.lVb 

il- 

13.3 

1 

2.4 

0-49 

9.5 

0.17b 

-;{• 

13.3 

# 

*  pH  above  10.  Not  measurable  with  available  test  paper. 
(    )  Estimated.     Reaction  75%  complete  in  21  minutes. 

#  KOH  added  slowly.     i>iO  reaction  in  13  m.inutes. 


Table  VI.     Formation  of  Stannous  Oxide  from  Stannous  Hydrox- 
id-^^,     Kxcess  Ammonium  Hydroxide  Added  to  50  ml.  of  Boiling 
0.6.M  Stannous  Chloride  solution. 


Sam.ple  Ml.     of  Final  Reaction  Yield 

No.  conc'd.  pH  time  grains 

NH4OH  minutes  •  bnO 

0-35  10.0              4  17  3.0 

0-39  10.0  4-5  6  3.0 

0-38  10.5  5-6  12* 

0-36  12.0  4-5  12-5^ 


No  conversion  in  twelve  minutes. 


Table  VII.     Formation  of  Stannous  Oxide  from.  Stannous  Hydrox- 
ide.    Excess  Potassium.  Carbonate  Added  to  50  ml.  of  Boiling 
0.6  M  Stannous  Chloride  Solution. 


Samiple 

K2CO3 

Excess 

pH 

pH 

Reaction 

Yield 

No. 

added 

K2CO3 

meas- 

calc 'd. 

time 

grains 

grams 

moles/1. 

ured 

minutes 

SnO 

0-40 

10.0 

io-« 

8 

8 

25 

3.0 

0-41 

12.0 

0.10 

9-10 

11.6 

22 

3.0 

0-42 

18.0 

0.47 

12.0 

18 

3.0 

0-43 

36.0 

1.31 

12.2 

11 

*  pH  above  10.     Not  m.easurable  with  available  test  paper. 
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Figure  4,     Rate  of 
conversion  of  4  g. 
samples  of  stannous 
hydroxide  in  excess 
— NaOH  solution. 
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Table  VIII.     Formation  of  Stannous  Oxide  fi'om  Stannous  Hydrox- 
ide.    Excess  Sodium  Carbonate  added  to  oO  ml.   of  Boiling  O.oM 
Stannous  Chloride  Solution. 


Samole 

NaoCO^ 

Exc  ess 

pH 

pH 

Reaction 

Yield 

No. 

added 

NagCO^ 

measurecal • d. 

time 

grams 

grains 

moles/1. 

ured 

minutes 

SnO 

0-  8 

8.0 

0.00 

8 

IS  55 

3.2 

0-  9 

8.5 

0.03 

8 

11.4 

59 

3.7 

0-10 

9.0 

0.06 

9 

11.5 

49 

5.8 

0-11 

9.5 

0.09 

9-10 

11. b 

35 

3.7 

0-12 

10.0 

0.13 

9-10 

11.7 

51 

3.9 

0-13 

11.0 

0.19 

11.8 

22 

3.9 

0-14 

13.0 

0.31 

'  11.9 

20 

5.9 

0-15 

15.0 

0.44 

"is 

12.0 

22 

3.9 

O-lo 

17.0 

0.57 

*»{• 

12.0 

lb 

3.9 

O-lY 

20.0 

0.75 

12.05 

15 

3.9 

0-18 

25.0 

1.07 

■i'f 

12.1 

12 

0-21 

ki5.0 

A  1.07 

•5;- 

12.1 

14 

0-19 

55.0 

l.vO 

'X- 

12.2 

8 

0-20 

50.0 

2.54 

■>*• 

12.3 

6 

pH  above  10.  Not  measurable  with  available  test  paper. 
Bl  Not  all  converted  after  o5  minutes. 


A  general  description  of  the  reaction  process  as  it 
took  place  v/hen  an  excess  of  alkali  was  added  to  a  boiling 

stannous  chloride  solution  follov/s.     It  is  descriptive  of 
the  reaction  v/ith  each  of  the  bases  used.     The  precipitate 
first  formed  turned  a  'lir^ht  lem.on  yellov/,   then  chalky  white, 
after  ?/hich  it  went  tnrcugh  various  shades  of  grey  of  increas- 
ing intensity  and  finally  turned  lustrous  black.     The  yel- 
low color  is  possibly  due  to  the  form_ation  of  an  intermediate 
hydrate  of  definite  composition,  or  m.ay  be  due  to  a  coales- 
cence of  the  particles  into  larger  groups"^.     As  the  aging 
proce'^ds  this  com-pound  or  state  of  aggregation  is  decomtposed 


1.     VVeiser,  H.B.,  IJilligan,  W.O.,  J.  Phy  Cliem. ,  3o,  .;039 

(1932)  found  the  change  in  color  from  white  to  yellow, 
when  the  dry  hemi-hydrate  was  heated  to  100°  C,  was  due 
only  to  a  change  in  particle  size. 
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Figure  6.  Rate  of  conversion  of  4  g.  samples  of 
stannous  hydroxide  in  excess  K2CO3  solution. 
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Figure  7.     Rate  of  conversion  of  4  g.  samples 
of  stannous  hydroxide  in  excess  Na2C03  solutloni 
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and  a  chalk  white  product  is  formed.     Microscopic  examina- 
tion of  the  solids  at  both  of  these  points  yields  no  clue 
to  vhat  has  hap-oened  as  both  appear  amorphous  at  lOOOx.  The 
grey  color  is  due  to  the  fornv-ition  of  an  intimate  mixture 
of  the  dark  crystals  and  the  light  colored  substance  and  as 
the  crystals  increase  in  size  and  number  the  relative  pro- 
portion of  the  white  decreases  and  the  miixture  darkens.  The 
crystals  increase  in  size  until  they  are  detached  from  the 
white  material  due  to  their  high  density  and  fall  to  the 
bottomj  of  the  container.     The  whole  process  occurs  at  a  rate 
dependent  on  the  am.ount  of  excess  base  present  as  is  seen 
from,  the  data,   and  apparently  goes  through  all  of  these  stages 
to  some  extent  no  m:atter  how  rapidly  the  total  conversion 
takes  place. 

.  The  phenom.ena  m.entioned  are  not  exactly  the  sam.e  Vi^hen 
the  stannous  chloride  solution  is  added  to  a  boiling  solution 
of  the  bases  instead  of  the  reverse  procedure.     In  such  a 
case  no  lem.on  yellow  intermediate  is  observed,   although  the 
other  reaction  stages  appear  to  be  the  sam^e. 

The  results  of  the  experim.ents  in  which  an  excess  of 
ammonium  hydroxide  v/as  added  to  a  boiling  solution  of  stan- 
nous chloride  were  not  plotted.     It  is  seen  from;  the  inform- 
ation in  Table  VI  that  no  m.atter  how  much  excess  base  was 
added  the  final  pH  was  approximately  the  same.     This  is  to 
be  expected,   since  any  free  amm.onia  would  have  been  vola- 
tilized by  the  continued    boiling  and  the  hydrogen  ion 
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concentration  of  the  resulting  solution  would  be  governed 
by  the  concentration  of  ammonium  chloride.     The  products 
obtained  were  characteristic  of  stannous  oxide  produced  in 
slightly  acid  solution,   the  crystals  consisting  of  thin,  somie- 
what  Irregular  square  plates.     This  gave  it  a  brownish  cast 
and  fluffy  apnearance  when  observed  with  the  unaided  eye. 
The  crystal  products  obtained  when  other  bases  were  used 
v/ere  blue-black  and  very  dense  appearing. 

The  results  obtained  v/hen  ar:ir:onia  was  used  might  not 
be  com.parable  for  another  reason.     ..-eiser  and  Mllligan'^ 
showed  that  free  amronla  hinders  the  formation  of  stannous 
oxide  from:  the  hydrate.     rhls  was  also  substantiated  in 
some  qualitative  tests  performed  by  the  author  in  which  free 
aimnonia  was  kept  present  by  continually  adding  ammonium 
hydroxide  to  a  boiling  suspension  of  the  hydrate  prepared 
in  the  same  manner  as  m^entioned  above.     .-xS  long  as  ammonia 
was  present  the  oxide  did  not  form,  but  when  it  was  allowed 
to  boll  away,  the  oxide  soon  began  to  precipitate.  The 
action  of  the  anii  onia  may  be  to  prevent  the  formiation  of 
crystal  nuclei.     Other  than  this  the  fact  that  it  furnishes 
but  a  sm.all  amount  of  hydroxyl  ion  probably  greatly  affects 
the  rate  of  reaction. 

T,     Weiser,  H.B.,  Killigan,  W.O.,  J.  Phys.  Chem. ,  5o~3039 
(19o2) 
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The  results  obtained  In  determining  the  action  of 
hydrogen  ion  concentration  on  the  foririation  of  stannous 
oxide  from  the  hydrate  may  be  interpreted  by  several  pos- 
tulates and  conclusions. 

1.  Freshly  precipitated  stannous  hydroxide  ages  slov/ly  in 
solutions  of  pH  from  6-11.     The  aging  takes  place  rapidly 
in  more  acid  or  more  basic  solutions. 

2.  xhe  solubility  of  the  hydrate  increases  in  aging. 
Crystals  should  begin  to  form  almost  at  once  if  the  fresh 
hydrate  v/ere  as  soluble  as  the  aged  form. 

3.  The  solubility  of  the  hydrate  is  relatively  high  in  sol- 
utions of  pii  1-4  and  11-14  compared  to  the  solubility  in 
intermiediate  solutions,  hence,  the  greater  rate  of  deposi- 
tion of  stannous  oxide. 

4.  Acid  solutions  favor  rapid  nuclei  form.ation;  basic 
solutions  hinder  rapid  nuclei  formation.     Num.erous  thin, 
sm.all  crystals  wei-e  obtained  in  acid  solutions,  while  a  few, 
thick,   somewhat  larp:er  crystals  were  obtained  from  basic 
solutions, 

5.  The  rate  of  deposition  of  the  oxide  is  very  low  in 
highly  acid  or  highly  by  sic  solutions  due  to  the  increased 
solubility  of  stannous  oxide.     The  solution  does  not  be- 
come supersaturated  in  respect  to  the  oxide  even  v/hen  free 
hydrate  is  present. 
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Effect  of  the  Amount  of  Stannous  Hydroxide  in 
Suspension  on  the  Formation  of  Stannous  Oxide 

The  amount  of  suspended  stannous  hydroxide  should  not 
have  any  effect  on  the  formation  of  stannous  oxide.     It  is 
probable  that  the  dehydration  mechanism  consists  of  the  hy- 
drate dissolving  to  form,  a  solution  which  is  supersaturated 
in  respect  to  stannous  oxide  and  this  in  turn  precipitates. 
As  rapidly  as  stannous  oxide  is  formed  more  hydrate  dis- 
solves and  the  process  continues  until  the  hydrate  is  com.- 
pletely  converted.     According  to  this  m.echanism  the  rate  of 
deposition  of  the  oxide  will  be  governed  by  the  rate  of 
solution  of  the  hydrate.     This  in  turn  is  controlled  large- 
ly b^'  its  com.position,  hydration,  molecular  aggregation 
(factors  of  the  age  of  the  hydrate  and  its  history),  the  hy- 
drogen ion  concentration  and  the  temperature.  Theoretically, 
the  rate  of  oxide  form.ation  will  not  be  governed  by  the 
amxount  of  hydrate  present  as  long  as  there  is  enough  to 
m.aintain  a  state  of  super  saturation  in  respect  to  the  oxide. 
There  will  be,  however,  a  practical  up^er  limit  of  the  amount 
of  hydrate  which  it  vifill  be  convenient  to  treat  at  one  time 
and  still  maintain  efficient  stirring  and  mixing  of  the 
suspension, 

A  series  of  experiments  was  performed  in  which  the  a- 
FiOunt  of  precipitated  stannous  oxide  hydrate  present  was 
varied  at  different  hydrogen  ion  concentrations.     The  sam.ples 
were  heated  at  90°  and  the  efl'ects  noted.     The  procedure 
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used  in  preparing  the  sauiDles  was  to  mix  the  various  amounts 
of  0.7N  sodium  hydroxide  and  0.11,1  stannous  chloride  (0.9M 
in  HCl)  and  dilute  to  35  rnl.     The  mixtures  were  prepared  in 
a  50  m.l.   test  tubes  provided  with  enclosed  glass  stirrers 
which  were  operated  electrom.agnetically.     The  stoppered 
tubes  were  then  placed  into  a  thermostat  and  observations 
made  of  the  profi;ress  of  the  reactions. 

A  diagram"^  of  the  stirrer  and  operating  coil  is  shown 
in  Fif^ure  8  .     Six  to  eight  coils  v/ere  connected  in  series 
and  placed  over  6ne  inch  holes  in  a  Bakelite  panel  which 
served  as  a  lid  to  the  thermostat.     The  test  tube  containing 
the  sample  could  be  inserted  or  removed  v/ithout  disturbing 
the  other  tubes  or  v/ithout  having  to  shut  off  the  stirrers. 
The  speed  of  the  stirrer  was  regulated  to  its  natural  period 
of  vibration  by  varyins-  the  speed  of  the  piotor  which  turned 
a  split  section  commutator.     It  was  found  that  this  method 
provided  a  very  efficient  means  of  stirring  in  an  enclosed 
space  with  a  maxim.um.  am.ount  of  acessibllity  to  the  sars-.ple. 

The  hydrogen  ion  concentrations  of  the  sam.ples  v/ere 

measured  by  means  of  indicator  paper  and  are  accurate  at 

the  most  to  one  pri  unit.     The  results  of  these  tests  are 

given  in  Table  IX  in  v;hich  the  amount  of  suspended  stannous 

hydroxide,  the  pH  and  the  tim.e  of  reaction  are  given.  It 

can  be  seen  from  the  tests  that  no  indication  is  given  of 

1.     Rowley,  H.H. ,  iinderson,  R.B.  ,  Ind.  Eng.  Chem.  ,  knal. 
Ed.,   11.   597  (1939) 
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any  effect  due  to  the  amount  of  stannous  hydroxide  present. 


Table  IX.  Time  of  Conversion  of  Various  Amounts  of  Susp- 
ended stannous  Hydroxide.     Time  in  Minutes. 

Amount  of  sus-  „ 
pended  ^MOEh^.  P 
moles  per  liter 

7  X  10-3  140  120 

115 

2  X  10"^  40  130  110 

130  105 

3  X  10"^  60  50 

4  X  10"^  80  100 

90  100 


5  X  10'^ 


30  100 


90 


55 
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The  Influence  of  Terrperature  on  the  Formation 
of  Stannous  Oxide 

The  influence  of  temperature  on  the  fornation  of  an- 
hydrous stannous  oxide  was  very  noticeable  in  the  prelim- 
inary tests.  This  was  to  be  expected  since  all  reactions 
are  influenced  by  this  factor.  The  effect  of  temperature 
under  several  conditions  was  studied  by  preparing  individ- 
ual samples  of  stannous  oxide  hydrate  and  noting  the  time 
of  conversion  to  the  anhydrous  form  under  these  conditions. 

The  apparatus  used  in  this  series  of  test  consisted 
of  an  electrically  heated  thermostat  filled  with  glycerine 
and  regulated  with  a  toluene-mercury  thermo-regulator .  The 
temperature  was  constant  to  about  one  degree  which  was  suf- 
ficient for  the  experiments.     Stirring  was  provided  by  the 
elec tro-m.agnetically  operated  plungers  described  in  Figure  8  • 

The  samples  v/ere  prepared  by  adding  a  definite  amount 
of  sodium  hydroxide  to  the  test  tube,  then  the  necessary 
am^ount  of  stannous  chloride  solution  and  diluting  the  whole 
to  35  ml.  with  distilled  water.     The  amount  of  sodium  hy- 
droxide was  about  12  ml,  of  0.7M  solution  and  the  stannous 
chloride  was  0.12Ivl  and  contained  about  0,6  moles  of  hydro- 
chloric acid  per  liter.     A  sti-rrin^  plunger  was  inserted 
and  the  stopnered  tube  placed  into  the  heated  thermostat. 
The  time  was  measured  from,  the  moment  the  tube  was  placed 
in  the  hot  bath.     The  sam.ple  reauired  about  three  m.inutes 
to  reach  the  temperature  of  the  bath,     sam.ples  were  prepared 


Table  X      pH- Temperature  Relation  to  the  Time  of.  Form- 
ation of  Anhydrous  Stannous  Oxide  froiii  0.15  gram  of 
Stannous  Hydroxide.     Time  in  .iiinutes. 


Temperature  °C. 


ph 


25  55        75        85        95        99      105  110 

2  180  45 

3  425  300      120        26  28' 
days  105 

25^ 

4  425  300        95        98        52  4o 
days  95 


25% 


l6o       57       70  49 
62 


6  310  89  60 

7  425  140       86  180  55 
days                          0%  85 


10  180 

180 

11  425  180        80  30 
days 
Of 


o 


12  425 

•days  120-3^ 
0  %  120-5/^ 

13  120-0^ 

120-5/^ 
120-5^ 
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"between  pH  2  and  pH  11  and  were  heated  at  25  ,  65  ,  75  , 
b5°,  95°,  99°,  105°,  and  110°.     I'he  two  latter  temperatures 
were  obtained  by  securinp;  the  stoppers  with  wire  to  main- 
tain the  necessary  pressure.     The  results  are  given  in 
Table  X  in  which  the  approximate  time  of  formation  of  0.13 
gram  of  stannous  oxide  is  given  at  various  tem.peratures 
and  at  different  hydrogen  ion  concentrations. 

The  results  shov;  a  definite  tendency  for  the  rate  of 
reaction  at  any  one  pH  value  to  increase  with  higher  tem.p- 
eratures.     The  data  are  sketchy  for  solutions  having  a  pH 
higher  than  7,  but  the  indication  is  that  an  increase  in 
temperature  increases  the  rate  to  some  extent.     The  data 
for  25  degrees  is  taken  from  samples  tested  for  their  rate 
of  dehydration  in  the  dark. 

It  is  obvious  that  for  economy  of  time  higher  temper- 
atures of  reaction  are  necessary.     For  som.e  purposes,  how- 
ever, an  intermediate  temperature  was  advisable  in  order 
to  observe  a  desired  effect  over  a  long  period  of  tim-o. 
This  was  the  case  in  the  test  of  the  action  of  foreign 
substances  on  hydrated  stannous  oxide,  in  which  case  the 
temperature  was  kept  at  55°  G. 
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Action  of  Liffht  on  Hydrated  otannous  Oxide 
1 

Bury  and  Partington    noticed  that  moist  stannous  hy- 
drovide  darkened  v/hen  it  was  exposed  to  light,  but  did  not 
investigate  this  photchemical  action.     Weiser  and  Milligan 
studied  this  phenomena  "by  exposing  a  series  of  tubes  con- 
taining hydrated  stannous  oxide  to  sunilghc  and  comparing 
the  color  v/ith  that  obtained  to  those  from  a  sim.ilar  series 
kept  in  the  dark.     They  obtained  a  green  coloration  in  those 
exposed  to  the  light  while  the  other  samDles  remained  white. 
This  experiment  showed  only  that  some  reaction  had  taken 
place,  but  not  that  the  end  product  was  anhydrous  stannous 
oxide.     To  obtain  further  evidence  of  the  action  of  light 
three  series  of  test  were  cijrried  out. 

Series  1.     Two  sets  of  five  tubes  were  prepared  con- 
taining 25  ml.   each  of  0.6K  stannous  chloride  in  2M  hydro- 
chloric acid  and  to  tubes  of  each  set  the  following  am.ounts 
of  sodium,  carbonate  were  added:     ?.5,  4.0,  4.7,  10.0  and 
20.0  grams.     Water  v/as  added  to  m.ake  the  volume  to  50  ml, 
and  the  tubes  were  stop-pered  and  sealed.     One  set  was  placed 
in  a  north  windov/  and  the  other  set  was  kept  in  a  dark 
roomi,   and  exariined  periodically  in  artificial  light. 

The  results  of  this  series  is  given  in  Table  XI.  The 
dehydration  proceeded  so  rapidly  in  those  samples  which 
contained  less  sodium,  carbonate  that  there  was  not  suffic- 
ient tim.e  for  light  to  affect  the  transformation.     In  the 
more  alkaline  solutions  the  carbonate  apr^arently  slov/ed 
down  the     transformation  process  so  that  any  effect  due  to 
See  refer enc es  Dage  38  ' 
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Table  XI.     Action  of  Light  on  Stannous  Hydroxide  Suspended 
in  Sodium  Carbonate  solutions. 


Samples  kept  in  light 

1.     pH  d-9 

i-  hr.  light  grey 
2  hrs.  few  crystals 
4  days  amny  crystals 
6  days,  p  converted 
9  days,  nearly  converted 
lb, days,   all  converted 


Samples  kept  in  dark 

1.     pK  S-9 

^  hr.  light  grey 

3  hrs  few  crystals 

4  days  many  crystals 

6  days,  nearly  convert??:! 
ed 

16  days  all  converted. 


2.     pH  8-9 

k  hr.  light  grey 
2  hrs.  light  grey 
4  days  many  crystals 
t)  days  many  crystals,  grey 
suspension 
16  days  nearly  all  converted 


2.     pH  B-9 

■5-  hr.  light  grey 

3  hrs.  few  crystals 

4  days  miany  crystals 

6  days  nearly  convert?'! 
ed 

lb  days  all  converted 


5.,  pH  9-10 

hr.     dead  white 
hrs.  dead  white 
days  few  cr;ystals,  white 
days  few  crystals,  p^t. 
tan  toward  light 
16  days  3/4  converted 


2 
4 

6 


ppt, 


3.     pii  10 
i  hr. 
6  hrs. 

4  days 
6  days 

lb  days 


dull  v/hite 
dull  white 
dull  white 
dull  white 

nearly  all 
converted. 


4.     pH  10.5 

§  hr.  dull  white 
2  hrs.  dull  v/hite 
4  days      few  crystals,  yellow 

toward  light 
6  days      many  crystals,  tan 

toward  lie-ht 
16  days      all  converted 


4.   ^pH  10.5 

hr.        dull  white 

3  hrs.      dull  white 

4  days      dull  white 


6  days 
16  days 


3/4  converted 
rest  white 
all  converted 


5.     pH  10.7 

k  hr.  dull  white 
2  hrs.  dull  v/hite 
4  days      few  crystals,  tan 

toward  light 
6  days      more  crystals 
16  days       all  converted 


5.     pH  10.7 
hr. 

3  hrs. 

4  days 


dull  v/hite 
dull  v/hite 
dull  v;hite 


6  days  all  converted 
16  days       all  converted 
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light  could  be  observed.     Despite  this  fact  the  appearence 
of  a  tan  layer  on  the  side  nearest  the  light  in  samples  4 
and  5  was  the  only  evidence  of  photo-activity. 

The  results  of  this  series  of  experiments  were  not  very 
satisfactory  for  several  reasons.     First,  there  was  no  temper- 
ature regulation  of  the  samples.     The  temperature  of  those 
exposed  to  the  light  varied  from  18°  to  "50^ ,  whereas  those 
kept  in  the  dark  room  were  fairly  constant  at  24^,  to  27°  • 
Second,  the  samples  exposed  to  light  did  not  receive  any 
direct  sunlight.     Third,   the  preparation  of  the  samples  was 
not  accurate  enough,  although  for  a  preliminary  experiment 
it  was  satisfactory.     Fourth,  the  concentration  of  the  re- 
actants  was  not  suitable  since  some  of  the  samples  decom.posed 
too  rapidly  to  observe  any  action  due  to  light.     Fifth,  none 
of  the  samples  v/as  in  an  acidic  solution. 

The  experim.ent  did  give  some  results  which  were  contra- 
versial  with  those  noticed  previously.     Thus,  it  was  found 
that  increased  amounts  of  sodium  carbonate  apparently 
lengthened  the  time  of  decom.position  of  the  hydrate.  This 
is  contrary  to  the  results  given  in  Table  VIII  in  vdiich  it 
was  found  that  the  tim.e  of  decomposition  was  shortened  by 
increasing  the  amount  of  sodium  carbonate  added.     This  would 
indicate  several  possible  factors  influencing  the  decomposi- 
tion of  the  hydrate.     One,  the  ratio  of  the  rates  of  reaction 
in  the  concentrated  solution  compared  to  the  dilute  solution 
m.ay  be  greater  at  higher  temperature  than  at  room  tem-perature. 
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Two,  the  rate  of  formation  of  the  anhydrous  oxide  may  In- 
crease v/ith  the  solubility  of  the  hydrate,  and  probably  the 
hydrate  is  more  soluble  in  hot  solutions.     Three,  the  rela- 
tive solutilities  of  the  hydrate  an  anhydrous  oxides  at  dif- 
ferent temperatures  may  have  some  effect.     Five,  alkali  may 
have  a  retarding  effect  on  the  form.ation  of  crystal  nuclei, 
especially  at  lower  temperatures,     while  at  higher  tem.per- 
atures,  the  increased  solubility  and  rate  of  reaction  over- 
shadow this  retardation. 

Series  II.     25  ml.  of  0.6i:  stannous  chloride  solution 
(2M  in  HCl)  was  m.easured  into  a  50  ml,   test  tube  and  the 
required  amount  of  a  solution  of  sodium  carbonate  (  0,2b 
gram  per  ml. )  added.     The  tubes  were  stoppered  and  exposed 
to  the  li.f^ht  in  a  north  windov;.     A  control  series  was  not 
kept  in  this  test.     The  results  are  found  in  Table  XII. 

The  results  of  these  experiments  were  also  not  very 
satisfactory.     Similar  samples  were  not  kept  in  the  dark 
room  and  hence  one  cannot  be  certain  of  the  amount  of  trans- 
form^ation  due  to  the  action  of  light.     They  do  show,  however, 
that  light  has  som.e  effect  since  several  of  the  samples  dark- 
ened on  the  side  which  was  toward  the  window. 

Tl     Bury,  ,  Partington,  J.R.,  J.   Chem.  "Soc'.~,  121,  199B 
(1922) 

2.     Weiser,  H.B.,  L^illigan,  Y..   0.,  J.  Phvs.   Chem.  3o,  3059 
(19:^2) 
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Table  XII.       Action  of  Llffht  on  Stannous  Hydroxide  Susp- 
ended in  Hydrochloric  Acid  and  in  Sodium  Carbonate 
Solutions. 


Sample 
No. 


2 


2-3 


4 
4 


Tim.e  Observations 
days 

2  white  ppt. 

4  vi/hite  ppt. 

9  lipht  brovm  toward  light 

21  white  ppt, ,  borvm  toward  light 

40  white  pnt.  ,  brown  tov/ard  light. 

2  white  ppt. 

4  vifhite  ppt. 

9  white  ppt. ,  brown-black  toward  light 

21  white  pDt.,  grey-brown  toward  light 

40  white  put. ,  rey  toward  light. 

2  white  ppt. 

4  white  ppt. 

9  v/hite  ppt.  , 
21 


brown  toward  li^ht 
v/hite  ppt.  ,  brown  and  black  on  side 
toward  light. 
40      white  ppt. ,  yellowish  in  part. 


2 
4 

9 
21 
40 

2 
4 
9 

21 

40 

2 

4 
9 

21 

40 


v/hite  ppt. 
v/hite  Dot. 

white  ppt.  ,  brown  tov/ard  light,  f ev/ 
crystals 

ppt.  brov.mish,  expecially  toward  light, 

few  scattered  crystals 
ppt.  yellow,  dark  brown  toward  light. 

few  crystals 


white  ppt. 
white  ppt. , 
v/hite  pot. 


few  crystals 

brown  toward  light.  Crystals 
mostly  in  this  area 
yellowish  ppt.,  brov/n  toward  light 

Scattered  crystals 
yellov/  ppt. ,  dark  toward  light.  Fev/ 
crystals. 

white  ppt. ,  few  particles 
white  ppt.,  few  particles 
white  PDt.,  light  brown  toward  light, 

few  particles 
yellov;  pDt.  ,  brown  to  grey  toward  lipht, 

few  particles, 
yellow  ppt.,  dark  brov/n ■  t:o  grey:  tov/ard 
light.     few  particles 
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Table  XII-  continued. 


Sample    pH  Time 
No.  days 


Observations 


7  7-8  2        white  ppt.,  few  crystals 

4        white  ppt.,  few  crystals 

9        white  ppt,,  brown  toward  light. 

crystals  appear  more  toward  light 
21      yellow  ppt.,  brown  and  grey  toward 

light 

4o      lemon  yellow  ppt.,  borwn  and  grey 
toward  light. 

8  8  2        white  ppt.,  few  crystals 

4        white  ppt.,  light  brown  toward  light. 
9        white  ppt.,  dark  brown  toward  light. 

Few  particles  appear  mostly  toward  light, 
21      yellow  ppt.,  brown  toward  light,  few 

crystals  * 

4o      ppt. ,  yellow,  grey  to  brovm  film  toward 
light . 

982        white  ppt. 

4  white.,  brown  toward  light,  few  crystals 
9       white  ppt., brown  toward  light,  fev/ 

crystals  appear  to  be  toward  light. 
21      lemon  yellow  opt.,  brovm  to  grey  toward 

light . 

4o      yellow  ppt.,  brown  to  grey  toward 
light.     Few  crystals. 

10  8  2        grey  ppt.,  many  crystals 

4  grey  ppt.,  brown  tov/a.rd  light 
9  grey  ppt. ,  brown  toward  light 
21      grey-yellow  ppt.,  grey  toward  light, 

lots  of  crystals 
40      yellow-grey  ppt.,  grey  film  toward 

light,  many  crystals. 

11  8-9  2        white  ppt.,  many  crystals 

4        white  ppt.,  brown  toward  light 

9        grey  ppt. ,  most  crystals  visible  in 

area  toward  light 
21      grey-green  ppt.,  gre^^  toward  light, 

many  crystals 
4o      yellow  ppt.,  grey  t.ov7ard  light,  many 

crystals  of  Sn© 


^1, 


Table  XII-  continued. 


Sample    pK        Time  Observations 
No.  days 

12  3-9  2  white  ppt.,  few  crystals 

4  v^iiite  ppt.  ,  brown  toward  light, 
many  crystals 

9  white  ppt.,  more  crystals 

21  -^;rey-sreen  ppt.,  grey  toward  light 

40  yellov;  ppt.,  grey  toward  light. 

13  8-9  2  ■  white  ppt.,  few  crystals 

4  v/hite  ppt.,  brov/n  toward  light,  many 
crystals 

9  g^i^ey  and  brown- w.iite  ppt.,  majiy  crystals 

21  grey-green  ppt.,  grey  toward  light 

4o  yellov/  ppt.,   some  grey. 

14  8-9  2  wriite  ppt.  ,   small  patch  of  brovm 

4  white  ppt.,  brovrnish  tov/ard  light  few, 
crystals . 

9  white  ppt.,  fev7  c:  ystals 

21  yellov/  ppt.,  few  crystals 

4o  yellow  and  brown  ppt. ,  few  crystals 

15  9  2  white  ppt.,  small  patch  of  brovrn. 

4  yellow-brown  ppt. 

9  brown  surface  layer 

21  yellow  ppt.,  brown  toward  light 

4o  brov/n- cream  ppt.  ,  no  crystals. 


Note:     All  precipitates  ca:iie  dov/n  white  and  amorpnous 
aopearing.     Black  crystals  seem  to  form  only  in  contact 
with  the  precipitate  and  not  from  the  solution  above  the 
settled  ppt.  Many  crystals  formed  on  side  v/alls  of  tubes. 
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Series  '6,     Stannous  hydroxide  was  prepared  in  test  a 
tube  by  adding  sodium  hydroxide  (O.VIvl)   to  a  solution  of  stan- 
nous chloride  (0.14M  SnClg,  0.6M  HCl).     Seven  milliliters  of 
the  stannous  chloride  were  used  in  each  case  and  enough  sod- 
ium hydroxide  added  to  give  the  pH  va],ues  listed  in  the  table. 
The  final  volume  was  made  to  25ml.,  the  tubes  stoppered  with 
paraffined  corks  and  finally  sealed  with  paraffin.     Six  tubes 
comprised  each  of  three  sets;     one  set  was  exposed  to  direct 
sunlight  in  a  south  window  at  an  average  tem.perature  of  15*^ 
to  20*^1     a  second  set  was  exposed  to  the  light  from  a  100 
watt  Mazada  "daylight"  lamp  placed  one  foot  above  the  samples; 
the  temperature  was  34-37°  •     The  third  set  v/as  placed  inside 
a  cupboard  in  a  photographic  dark  room  in  v/hich  the  tempera- 
ture was  from  25°  to  27°  .     Observations  of  the  progress  of 
the  reaction  were  m.ade  every  few  days.     At  the  end  the  result- 
ing products  were  exam.ined  microscopically  for  the  presence 
of  stannous  oxide  crystals  and  the  hydrogen  ion  concentrations 
with  pH  test  paper,     xhe  information  from  this  series  is 
given  in  Table  XIII.     The  hours  of  direct  sunlight  are  cal- 
culated from  tne  U.S.  Weather  Bureau  reports'^  between  Dec- 
ember 13,  1939  and  J  anuary  B,  1940  inclusive. 

The  data  in  Table  XIII  shows  very  slearly  that  light 
accelerates  the  rate  of  dehydration  of  anhydrous  stannous 
oxide.     In  somie  of  the  samples  exposed  to  sunlight  difficulty 
v/as  experienced  in  exposing  fresh  hydrate  to  the  light  be- 
cause of  the  rapid  forn-ation  of  an  opaque  black  film  on  the 
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vmll  of  the  test  tube  where  the  light  was  most  direct.  The 
tubes  were  rotated  until  they  were  coated  entirely.  This 
probably  prevented  further  action  by  the  light.  Examination 
of  the  film  show  no  evidence  of  cr;;>'stal  structure  at  lOOOx 
and  no  further  attempt  was  made  to  identify  it.     Probably  it 
was  stannous  oxide. 

3l     W,   S.  Departm.ent  of  Agriculture,  Weather  Bureau,  lionthl y 
Keteorological  Nummary,  Boston,  Llass.,  December,  1939  and 
January,  1940. 
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^7. 

Action  of  Foreign  Substances  on  Stannous  Hydroxide 

Brown  and  Henke^  noticed  that  v/hen  iron  or  lead  salts 
were  added  to  an  acid  solution  of  stannous  chloride  before 
precipitating  the  hydroxide  with  sodium  carbonate  the 
resulting  hydrate  tended  to  turn  black  during  the  washing 
and  drying  process.     They  suggested  that  this  may  be  due  to 
some  catalytic  action  of  the  added  impurities  which  caused 
the  darkening  to  take  place  more  rapidly  than  with  the  pure 
hydrate  alone. 

It  was  deemed  advisable  to  test  their  results  with  other 
foreign  compounds  as  well  as  iron  and  lead  salts  to  note  their 
effects  on  the  formation  of  the  anhydrous  oxide.     The  first 
series  of  experiments  was  carried  out  in  the  following  manner: 
a  large  batch  of  stannous  oxide  hydrate  vras  prepared  by  dis- 
solving 46.5  grams  of  tin  metal  fCP.,  contained  0.006^  Pb, 
0.005^  Fe  and  0.002^i  Cu)  in  a  solution  of  175  ml.  of  concen- 
trated hydrochloric  acid  in  150  ml.  of  water,  cooling  and 
diluting  to  three  liters  volume.     150  ml.  of  concentrated 
ammonium  hydroxide  was  added  v/ith  rapid  stirring,  the  addi- 
tion being  carried  out  in  artificial  light.    Air  was  excluded 
during  this  procedure,  but  not  during  the  v;ashing.     The  pre- 
cipitate was  washed  "by  decantation  with  three  liter  portions 
of  distilled  ^vater  until  it  began  to  peptize  strongly.  This 
required  seven  washings  end  the  v>;hole  procedure  took  about 
20  hours.    The  final  product  which  still  contained  a  small 
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amount  of  ammonium  chloride  was  diluted  to  about  3  liters. 
Its  pH  was  5-6. 

Pyrex  test  tubes  of  25  ml.  capacity  were  filled  with 
the  prepared  suspension  in  artificial  light  and  enough  of  a 
l.OM  solution  of  the  foreign  substance  added  to  get  the 
desired  concentration.     The  foreign  substances  were  e-dded 
where  possible  in  the  form  of  the  chloride  of  the  cation  and 
the  sodium  salt  of  the  anion.     The  exceptions  to  this  were 
eerie  sulfate,  ferrous  sulfate,  lead  nitrate,  and  thorium 
nitrate  tested  for  cation  activitj^,  and  potassium  thiocyanate 
and  potassium  ferrocyanide  tested  for  anion  catalysis,  btarch 
was  added  as  a  0.2%  solution  and  the  glycerine  was  pure.  The 
amount  of  hydrate  added  v/as  about  0.5  gram  (0.14  moles  per 
liter  of  suspension)  per  test  tube.     -?he  tubes  m'ere  stoppered 
with  parafined  corks,  shaken  well  to  mix  the  contents  and 
placed  horizontally  into  an  oven  at  55°.     Observations  of  the 
progress  of  the  dehydration  were  made  over  a  period  of  18 
days.    The  control  samples  containing  only  the  suspension 
were  placed  throughout  the  oven. 

The  tubes  were  heated  for  the  required  period,  opened, 
the  pH  of  the  liquid  measured  with  pH  test  paper  and  the 
solid  examined  microscopically.     It  was  noted  during  the 
course  of  the  reaction  that  crystal  growth  appeared  to  start 
and  progress  at  the  glass  surface  and  the  crystals  were 
fairly  solidly  attached.    From  the  first  few  points  the 
crystal  growth  spread  along  the  bottom  of  the  tube  until  all 
had  been  converted.     This  indicates  that  the  rate  of  nucleus 
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formation  was  very  slow  and  was  catalyzed  "by  the  presence  of 
other  crystals  in  the  immediate  vicinity,    A  small  amoiint  of 
yellowish  v/hite,  amorphous  precipitate  was  noticed  in  every 
case  at  the  end  of  the  esnDeriment  and  was  assiimed  to  he 
stannic  hydroxide,  although  no  test  was  made  to  ascertain 
this  fact. 

The  results  of  this  series  are  shown  in  Table  ZIV,  This 
table  shov/s  ti^e  concentration  of  the  foreign  substance  added 
and  its  effect  on  the  dehydration  of  the  hydrate.    Each  ion 
listed  represents  one  individual  test  and  where  it  occurs 
more  tnan  once  gives  the  result  of  a  test  corresiDonding  to 
each  occurrence.     It  v/as  noticed  that  in  some  instances  the 
precipitate  did  not  fully  convert  into  the  anhydrous  form; 
therefore,  a  time  unit  was  chosen  to  represent  the  stage  at 
which  approximately  one  half  of  the  possible  amount  of  stan- 
nous oxide  had  formed.     It  is  an  arbitrary  unit  and  was  taken 
because  the  total  time  of  conversion  was  not  available  for 
many  of  the  samples  tested.     It  was  also  found  that  the  amount 
of  dehydration  was  not  proportional  to  the  time  of  reaction, 
and  did  not  appear  to  be  a  simple  function  of  the  latter. 

In  interpreting  the  results  of  this  exoeriraent  the  fact 
that  the  hydrate  was  T^repared  from  cold  solutions  should  be 
remembered,  since  it  makes  a  difference  in  the  aging  proper- 
ties of  the  hydrate  whether  cold  or  hot  solutions  v/ere  used 
in  the  preparation.    Further,  this  series  is  valid  only  in 
showing  the  effect  of  foreign  substances  on  the  conversion 
from  the  T)ure  hydrate  form,  into  the  anhydrous  oxide.  It 
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yields  no  information  on  their  possible  effect  if  they  are 
added  as  an  impurity  to  the  solution  from  which  the  hydrate 
is  first  fomed.     Information  regarding  this  is  presented 
later  in  this  section. 


Table  XIV.     Rate  of  Conversion  of  Stannous  Hydroxide  at 
55°C,  in  the  Presence  of  i'oreign  Ions. 

Ion  Ti  # 

Ions  Tested*  Concn.      days  Remarks 

Control  samples  —  1-3        2  samples  required  1 

nothing  added  day;  3  samples  required 

3  days  to  convert  to 

oxide. 

ITH.,  I  10"%  1 

Ci;  ITa  "  3 

Mg.  Fi.  C2O4.  10-%I  1 

^^3  2 

Ba,  Co,  Fe"^,  Iitn,  Ka,  "  2 

Cl 

K,  Zn.  Br,  CITS,  SO4  "  3 

Al,  Ca  "4 
Ac^  I  "  5-10 

Fe*^,  Sn2,  m  "  10-20 

Ce^,  Cr^,  Cu^,  Sn^.        lO'^  conversion.  Oxid- 

Th,  B4O7,  Cl:  ,  COg.  ation  probable  with 

Cr04,  HCO3,  1^02*.H£04  eerie,  cupric,  chrom- 

SgOg,  S,    Pe(ClT)g  ate,  mercuric  ions. 

Sulfide  formation  with 
sulfide  and  thiosul- 
fate. 

01,  rla  10"^  1 

Ce^,  Co^,  Cu^,  K,  Pb,     10"^  1 
Sn^,  Sn2,  Zn,  T^a,  CKS, 

CO3.  sg4^_S203,  s, 

FeTci;)g  p 

Ba,  Ca,  Cr,  Fe  ,  m.,        "  2 

Th        _        „  ^ 

Al,  Fe^.  Hg2,  Mg,  Ac  "  3 

Br,  B4O7,  C2O4.  IIO2, 

NOg,  HPO4,  SO2 

Mn  w  4 

I  "7 
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Tatle  XIV— continued. 


Ions  tested* 


Ion 
Concn. 


Remarks 


10 


-5 


20 


Soluble  starch 


4x10"^^ 
4x10-^^ 
4x10"''^^ 


6 


¥.0  conversion. 
Ho  conversion. 


*  Ions  added  as  sodium  and  chloride  salts  except 
Ce(S0)4,  FeSO^.  PbdlOg)^.  '2h(¥.0^)^,  KCTS.  K^FefClT)^. 

#  T#  is  time  when  one-half  of  hydrate  was  converted. 

Tests  had  shown  that  temperature  has  a  lf;rge  effect  on 
the  rate  of  dehydration  of  stannous  hydroxide.    A  series  of 
experiments  was  designed  to  test  the  catalytic  action  which 
might  be  caused  by  the  presence  of  foreign  substances  at 
lOO^C.    A  26  ml.  portion  of  the  suspension  used  in  the  pre- 
vious experiments  was  measured  into  a  125  ml.  Erlenraeyer 
flask  and  the  foreign  substance  added.     It  was  then  boiled 
and  the  results  observed.     They  are  listed  in  Table  ZV. 
The  time  factor  is  the  time  required  for  all  of  the  hydroxide 
to  convert  into  the  anhydrous  oxide  and  each  ion  listed  rep- 
resents an  individual  test.    All  conditions  were  made  as 
nearly  alike  as  possible  in  these  cases  and  inconsistancies 
are  generally  small. 
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Table  XV,     Hate  of  Conversion  of  Stannous  Hydroxide  at 
100°C.  in  the  Presence  of  Foreign  Ions. 


Ions  Tested* 
Control  samples 


lla.  CI 


I 
z 

Ac 

HPO. 
4 

Alg 

Sn  ,  C2°4» 

Fe2,        ra.Th.  GOg 

CI.  SO4 

Mg,  Mn,  l^i,  Sn^,  Zn 

errs,  HCO„ 

Co,  CF.  r.  1102 

Ba,  Ga,  B4O7,  Ac 

Or,  Gu,  Pb,  KOp,  HPO4 

Fe(C]\y)6  


HPO4,  Th 


Ion 

Concn. 

M/l. 


10 


-1 


If 
It 
w 
n 


10 


-2 


n 
II 


n 
n 


10 


«3 


Remarks 

One  sample  60  min. 
One  sample  70  min. 


ITo  conversion. 


*  Ions  added  as  sodium  an 
eerie  sulfate,  ferrous 
thorium  nitrate,  potass 
potassium  f errocyanide. 


Conver- 
sion 
time 
min. 

60-70 


75-100 
100-150 
150-200 
350 


15-25 
25-50 
50-75 

75-100 

100-150 
150-250 

  Kg  conversion  ex- 
cept slight  amount 
with  Pb  and  EOg 

  Ko  conversion. 

d  chloride  salts  except 
sulfate,  lead  nitrate, 
iujn  thiocyanate  and 


The  results  reported  in  Tables  XIY  and  XV  take  no 
account  of  the  pH  change  due  to  the  addition  of  ions  which 
might  hydrolyze.     To  get  data  at  more  consistent  hydrogen 
ion  concentrations  some  tests  were  made  in  which  the  foreign 
ion  was  added  to  a  suspension  of  stannous  hydroxide  prepared 
from  a  deficiency  of  ITaOH  in  one  series,  and  an  excess  of 
llaOH  in  the  other,     the  pE  in  the  acid  series  was  adjusted 
to  about  5  in  most  cases  and  was  3  with  thorium  and  stannic 
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ions.     In  the  base  series  the  pH  was  about  10-12.  The 
stannous  chloride  and  sodium  hydroxide  solutions  v/ere  mixed 
cold  and  the  foreign  substance  added  after  mixing.     It  v/as 
then  boiled  and  the  changes  observed.     Tables  XVI  and  XVII 
contain  the  results  of  these  tests. 


Table  XVI,    Rate  of  Conversion  of  Stannous  Hydroxide  at 

100°C,  in  the  Presence  of  Foreign  Ions.  pH  5, 


Ions  Tested* 

Ion 

moles/l# 

Conv. 

X  lulc 

llin. 

Remarks 

Control  samples 

40-55 

6x10"^ 

33 

Cd 

10"2 

30 

I 

2x10'^ 

50 

Ba,  Ca,  Co,  Ti,  Pb, 
Ivin.  ITO5,  Br,  SO4 
Fe^,  K    Zn,  CNS 
Al.  Sn^.  CpO. 
LIg,  Th,  Ac 

8x10'^ 

n 
It 

n 

25-50 

50-75 
75-300 

No  Conversion. 

Soluble  starch 
Glycerine 

1.5fo 

40 
95 

*  Ions  added  as  sodium  and  chloride  salts  except 
ferrous  sulfate,  lead  nitrate,  thorium  nitrate, 
potassium  thiocyanate. 

Table  2VII.     Hate  of 
100°C. 

Conversion 
in  Presence 

of  Stannous  Hydroxide  at 
of  Foreign  Ions.  pH  10-12. 

Ions  Tested 

Ion 

Concn. 

Moles/1. 

Conv. 

Time 
Min. 

Remarks 

Control  samples 

—  — 

ITo  conversion  at  pH 
7-14,  except  two 
samples  "which  eon- 
verted  slightly  at 
pH  8  and  pE  13. 

I 

2xl0"2 

No  conversion 
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Table  XVII — continued. 


Ions  Tested 


l,!oles/l. 


Ion 
Concn. 


Conv, 

Time 

Kin. 


Remarks 


B4O7 


8x10"^ 


Slight  conversion. 


Ac.  Br.  CTT.  CT^^S.  CO3 
C2O4.  rOg.  SO4 


n 


1^0  conversion. 


The  tests  reported  in  Tables  XIV  to  XVII  show  the  effect 
of  foreign  substances  on  the  dehydration  of  stannous  hydroxide 
after  it  had  been  formed  and  do  not  yield  any  information 
about  the  effect  of  foreign  ions  added  to  the  stannous  chlor- 
ide solution  before  precipitation  of  the  hydroxide.  This 
would  cause  eompli cations  such  as  formation  of  basic  salts, 
and  normal  hydrates  of  the  foreign  ions  upon  adding  sodium 
hydroxide.    A  series  of  tests  was  carried  out  to  determine 
the  effect  of  adding  the  forei-gn  substance  prior  to  the  form- 
ation of  the  hydroxide.     The  samples  were  prepared  similarly 
to  those  in  Tables  XVI  and  ICVII  except  the  ions  v/ere  added 
before  addition  of  the  sodium  hydroxide  solution  rather  than 
after.     One  series  v/as  adjusted  to  pH  5  and  the  other  series 
to  pH  10  or  greater.     The  results  are  given  in  Tables  XVIII 
and  XIX,  respectively. 
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Table  XVIII.     I^ate  of  Conversion  of  Stannous  Hydroxide 
Formed  in  the  Presence  of  Foreign  Ions. 
Tenperature  100°C.  pH  5. 


Ion 


Conv. 


Concn. 

'Time 

Ions  Added 

Moles/l. 

Min. 

Control  samples 

40-55 

I 

2X10'"'' 

60 

I 

60 

Pb.  Zn,  Cd 

-3 

8x10 

25-30 

Ba,  Ca,  Co,  K,  I.Ig, 

It 

30-40 

Ei.  SO4 

Fe2,  Lin.  Br,  CIS,  G2O4 
Al,  Sn^,  Ac,  KOg 

TT 

n 

40-50 
70 

Th 

ft 

Soluble  Starch 

2x10-4% 

40 

Glycerine 

1.5% 

95 

Remarks 


K"o  conversion 


1 


Table  XIX.     Rate  of  Conversion  of  Stannous  Hydroxide  Formed 
in  the  Presence  of  Foreign  Ions.  Temperature 
100°C.  pH  greater  than  10. 


Ions  Tested 

Control  samples 

Cd 
I 

z 

Co.  M.  Sn^.  Th 
Mg  NOg 

Fe^.  Mn,  Zn.  Al,  CFS 
Ba,  Ca,  B4O7,  CK,  COg 
C2O4.  KOg,  SO4,  I 


Ion 
Cone . 
Moles/1. 


1x10 

Tt 


-2 


6x10"^ 
-3 


8x10 
It 

n 


Conv. 

Time 

Min« 

40-55 

120 


100-200 
200-300 
300 


Remarks 


Green  yellow  plates 
¥.0  conversion 

ITo  conversion 


Fo  conversion 
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Discussion  of  Results 

There  are  several  points  in  connection  with  Tables  XIV 
to  XIX  which  should  he  born  in  mind  in  interpreting  their 
results.    First,  the  stannous  chloride  used  contained  a  small 
amount  of  iron,  lead  and  copper  in  the  order  of  lO'^fo  of  each. 
This  fact  was  neglected  on  the  assumption  that  since  this  was 
a  comparative  test  the  presence  of  these  impurities  v/as  a 
constant  factor  which  did  not  affect  the  results.     The  tests 
from  this  standpoint  are  valid  and  also  for  the  reason  that 
other  factors  probably  overshadov^ed  by  far  any  effect  due  to 
these  impurities. 

The  second  factor  is  that  the  activity  of  the  common  ion 
(chloride  for  the  metal  salts,  sodium  for  the  anion  salts) 
may  not  be  the  same  in  each  test;  that  is,  its  concentration 
was  not  constant  in  each  test  since  it  was  measured  in  terms 
of  molarity  of  the  foreign  substance  added  (for  example,  the 
molarity  of  chloride  ion  in  lil  KCl  is  one  third  that  in  IM 
AlCl;^.,  etc.)»    Bxa-raination  of  the  data  in  the  tables  shov/s 
that  generally  aodium  and  chloride  ions  appear  neither  to 
hinder  nor  to  accelerate  the  dehydration  process;  that  is, 
they  appear  neither  at  the  head  nor  the  end  of  the  group. 
At  different  concentrations  their  comparative  activity  is 
also  fairly  constant  which  indicates  that  the  effect  of 
changing  the  concentration  of  these  ions  is  of  little  conse- 
quence within  the  limits  tested.     On  the  basis  of  these 
results  it  may  be  presumed  that  any  change  of  concentration 
of  sodium  or  chloride  ion  does  not  greatly  effect  the  catalytic 
effect  of  the  other  ion  present. 
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The  third  point  is  that  of  the  time  factor  chosen  to 
represent  the  progress  of  the  reaction.    In  Table  XIV  the 
time  unit  indicates:  the  point  at  which  an  estimated  one-half 
of  the  hydrate  had  been  converted  into  the  anhj'drons  form. 
This  measurement  has  several  difficulties.    The  hydrate  is 
an  amorphous,  voluminous  substance  while  the  anhydrous  form 
is  crystalline  and  dense.    It  was  difficult  to  estimate 
accurately  vv'hen  one  half  had  been  converted.    Another  diffi- 
culty was  that  the  rate  of  conversion  apparently  was  not  pro- 
portional to  the  time  and  it  was  impossible  to  estimate  the 
time  of  conversion  of  samples  v/hich  did  not  totally  convert 
within  the  period  of  observation.     It  was  because  of  the 
latter  facts  that  the  particular  time  unit  was  chosen.  The 
samples  listed  in  Table  XIT  were  examined  not  oftener  than 
once  a  day  after  four  days.     The  accuracy  of  the  time  is 
therefore  limited  h^r  the  periodicity  of  the  observations. 

The  time  unit  in  Tables  XV  to  XIX  indicates  the  period 
of  time  necessary  for  total  conversion  of  the  hydrate  pre- 
sent to  the  anhydrous  form.    Its  inaccuracy  rests  in  the  fact 
that  it  is  often  difficult  to  decide  when  it  is  90fo  or  100^ 
converted,  because  the  white  hydrate  becomes  intimately  mixed 
with  the  particles  of  black  oxide. 

It  must  be  pointed  out  that  the  time  units  employed  in 
Tables  XIV  to  XIX  do  not  indicate  anything  of  the  progress 
of  the  reaction  at  intermediate  points.    Many,  but  not  all 
samples  heated  at  55°  appeared  to  have  a  higher  rate  of  con- 
version during  the  first  few  days  and  then  slov/ed  dov;n  after 
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that,  whereas,  xhose  heated  at  100    were  converted  more 
rapidly  toward  the  end  of  the  period.     The  differences  may 
"be  explained  to  a  certain  extent  by  assuming  that  a  surface 
reaction  with  the  foreign  ion  takes  place  with  subsequent 
formation  of  a  product  which  does  not  decompose  into  the 
anhydrous  oxide.     This  may  form  a  coating  over  the  hydrate 
particles  which  in  turn  cannot  decompose  under  those  con- 
ditions.   In  a  boiling  solution  the  foreign  ion  may  react 
in  the  same  manner  but  due  to  the  agitation  of  the  parti-  . 
cles  does  not  form  such  a  stable  coating.     The  hydrate  may 
also  age  more  rapidly  with  different  results.     It  is  inter- 
esting to  note  that  Weiser  and  Hilligan^  found  that  the  pure, 
dry,  hemi-hydrate  is  stable  up  to  a  temperature  of  at  least 
120°  and  hence  on  this  basis  the  decomposition  of  the  hydrate 
in  water  suspensions  must  depend  on  a  solvent  action  followed 
by  deposition  of  the  anhydrous  form.     If  this  is  the  case  it 
ie  readily  seen  why  a  hydrate  particle  coated  with  a  rela- 
tively impervious  substance  cannot  decompose  to  the  oxide. 
More  about  the  mechanism  of  the  decomposition  reaction  is 
given  in  a  later  section. 

The  results  of  the  action  of  foreign  substance  on  the 
decomposition  of  stannous  hydroxide  must  be  interpreted  with 
still  another  factor  in  mind.     It  is  the  variable  pH  of  the 
solutions  tested.     This  factor  is  very  important.     In  Table 
XIT  the  samples  were  prepared  v/ithout  regard  to  the  changes 

^.     7[eiser,  E.  B.,  I.Iilligan,        0.,  J.  Phys.  Chem. ,  36, 
2039,  (1932) 
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in  pH  which  the  foreign  sutstance  would  CEuee,  Obviously, 
it  made  some  difference  and  as  it  has  been  shov.Ti  the  pH 
influences  the  reaction  rate  tremendously.    In  later  experi- 
ments the  probable  effect  of  the  hydrolysis  of  the  substance 
added  was  compensated  by  addition  of  the  proper  amount  of 
base. 

An  examination  of  the  data  in  Table  XIV  indicates  that, 
in  general  the  less  the  concentration  of  the  foreign  the 
greater  its  positive  catalytic  action.     It  apxiears  that  con- 
centrations of  the  order  of  10*^1  in  some  cases  caused  a 
slight  positive  catalysis  of  the  reaction  although  it  is 
very  difficult  to  decide  at  which  point  this  is  the  case. 
More  definite  is  the  fact  tnat  several  ions  caused  a  nega- 
tive catalytic  action.     Some  of  the  substances  which  hinder 
dehydration  of  the  hydrate  are  osidizing  agents  and  it  is 
likely  that  oxidation  took  place  with  eerie,  cupric,  chro- 
mate,  thiosulfate  and  ferric  ions  and  possibly  with  sulfite, 
nitrate,  nitrite,  and  chromic  ions.     Sulfide  ion  formed 
stannous  sulfide.    Probably  the  mono-acid  phosphate,  tetra- 
borate and  ferrocyanide  formed  their  respective  compounds 
but  no  explanation  is  readily  apparent  for  the  action  of 
cyanide,  bicarbonate,  and  carbonate  ions  other  than  they 
hinder  the  aging  of  the  hydrate  or  the  formation  of  the 
nuclei,  or  that  the  solubility  of  the  hydrate  is  not  suffi- 
cient in  their  solutions  at  55°  to  promote  decomposition. 
The  action  of  starch  may  be  explained  hy  assuming  that  it 
forms  a  protective  colloid  layer  around  the  hydrate  particles 
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preventing  its  dissolution. 

The  ions  which  strongly  prohibit  the  dehydration  upon 
toiling  with  a  suspension  of  hydrate  are  about  the  same  as  at 
55°.     Their  inhibition  is  due  either  to  oxidation  or  forma- 
tion of  insoluble  compounds.     The  general  order  of  the  effect 
of  foreign  substances  added  to  the  stannous  chloride  solution 
before  precipitation  of  the  hydrate  is  nearly  the  same  as 
when  the  ion  was  added  after  precipitation  and  the  suspension 
heated.     This  indicates  tnat  tne  catalytic  action  takes  place 
essentially  during  the  conversion  and  not  during  the  forma- 
tion of  the  hydrate.     Its  presence  has  no  detrimental  effect 
on  the  fomation  of  the  hydrate  itself. 

Basic  mixtures  of  the  hydrate  and  foreign  substance  were 
much  slov7er  to  convert  and  ^^vhen  the  ion  was  added  to  the  basic 
suspension  and  boiled,  none  of  the  anions  promoted  the  dehy- 
dration reaction  (Table  XVIl),     The  control  samples  were  like- 
wise very  slow  to  convert  anc  in  most  cases  between  pH  8-13 
no  conversion  took  place  on  boiling  as  long  as  t?/o  hours. 
Where  ions  Vv'ere  added  previous  to  the  precipitation  of  the 
hydrate  (Table  ZIZ) the  catalytic  action  was  very  noticeable 
in  some  cases. 

It  is  apparent  that  it  would  be  very  difficult  to  sum 
up  the  results  of  these  experiments  into  a  list  of  ions  in 
which  the  order  v;as  from  the  most  active  positive  catalyst 
to  the  most  negative  one.     The  general  conclusion  may  be 
drawn  that  most  ions  which  hinder  the  dehydration  of  stannous 
hydroxide  at  concentrations  of  0.1  to  O.OU.I  are  not  nearly  so 
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effective  at  lovjer  concentrations.     On  the  whole  it  would  be 
"best  in  any  case  to  remove  any  ion  which  v/ould  precipitate 
with  the  hydrate  or  with  the  anhydrous  oxide  as  an  impurity. 
On  the  basis  of  its  positive  results  ammonium  ion  would  be 
the  only  one  which  could  be  used  to  speed  up  the  reaction 
and  not  have  it  co-precipitate  v;ith  the  oxide. 
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Attempts  to  Prepare  Anhydrous  Stannous  Oxide 
From  Anhydrous  Solution  of  Organic  Solvents 

The  preparation  of  stannous  oxide  from  anhydrous  mat- 
erials has  two  purposes.     One,  the  dehydration  of  the  hydrate 
paradoxically  occurs  readily  in  water  solutions.     This  would 
not  be  expected  if  the  reaction  was  a  direct  dehydration  of 
the  hydrate.     The  use  of  anhydrous  solvents  should  give  fur- 
ther evidence  of  whether  the  reaction  is  one  of  this  type; 
if  so,  it  should  proceed  just  as  well  in  the  anhydrous  sol- 
vents \7here  the  water  concentration  could  be  ker)t  to  a  neg- 
ligible amount  by  constant  fractionation  with  removal  of  the 
water.     Two  should  any  conversion  take  place  the  method  might 
be  of  some  practical  value. 

Reagents. 

It  v/as  necessary  to  prepare  anhydrous  stannous  chloride 
for  the  reaction.     This  "'as  done  by  mixing  stannous  chloride 
dihydrate  an  d  ac  e  tic  anhydride  in  a  1:2  mole  ratio  .  The 
reaction  takes  place  readily  and  water  is  split  off  leaving 
a  white  powder.     The  anhydrous  product  was  washed  vath  ben- 
zene and  dried  at  ISO^G.  for  one  hour. 

Solvents  used  were  absolute  alcohol,  n-butanol,  glycerol, 
pyridine  and  formamide.     The  n-butyl  alcohol  was  fractionated 

0 

and  the  anhydrous  portion  boiling  at  114    was  reserved. 
Glycerol  was  rendered  anhydrous  by  adding  toluene,  distilling 


1.     E.  Stephen,  J.  Chem.  Soc,  2736  (1930) 
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off  the  water  as  an  azeo tropic  mixture  and  finally  raising 
the  temperature  to  150°  to  remove  the  e:^cese  toluene.  The 
pyridine  was  used  as  obtained  and  was  pale  yellow  in  color. 
The  formamide  was  Eastman's  Formam.ide  (#565)  and  was  used 
without  further  treatment.    Heating  the  latter  in  a  test  tube 
at  100°  yielded  only  a  trace  of  moisture. 

Sodium  hydroxide  solutions  were  prepared  from  CP,  grade 
reagent  in  absolute  ethyl  alcohol  and  in  glycerol.     They  were 
about  l.OM.    Ifv.e  to  the  slight  solubility  in  pyridine  and 
n-butanol  and  its  reactivity  v/ith  formamide  solutions  were 
not  prepared  with  these  solvents.    Where  the  latter  solvents 
were  used  either  the  ethanol  or  glycerol  solutions  of  sodium 
hydroxide  were  added  to  an  excess  of  solvent  just  before  the 
reaction  with  the  stannous  chloride.     The  stannous  chloride 
solutions  were  readily  prepared  by  dissolving  the  proper 
amount  of  reagent  in  the  solvent  to  make  a  0.5I.I  solution. 
In  the  case  of  pyridine  there  was  a  considerable  evolution 
of  heat  and  on  standing  a  few  hours  a  white  crystalline 
precipitate  was  deposited. 

Experimental. 

It  was  necessary  to  find  out  the  amounts  of  each  solu- 
tion which  would  react  stoichiometrically.     This  was  done  by 
measuring  out  a  definite  volume  o:  alkali  solution  and  adding 
increasing  amounts  of  stannous  chloride  solution.    A  small 
portion  o-^  the  resulting  mixture  was  then  put  into  an  equal 
volume  of  water,  stirred  and  the  resulting  pH  measured  with 
pH  test  paper.     The  solution  at  which  the  pH  measured  7  was 
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accepted  as  an  indication  of  equivalent  quantities  having 
teen  added.     This  sL.me  method  v/as  used  as  measure  of  the  alk- 
alinity of  mixture  at  the  end  of  each  run.    All  reactions  were 
carried  out  in  100  ml.  romid  bottom  flasks  provided  with 
reflux  condensers  and  calcium  chloride  drying  tubes.  The 
resulting  products  were  examined  microscopically  for  evidence 
of  stannous  oxide  formation. 


Reactions  in  Ethyl  Alcohol. 

5.0  ml.  of  l.OM  sodium  hydroxide  solution  and  20  ml.  of 
ethanol  were  measured  into  a  100  ml.  round  bottom  flask  pro- 
vided with  a  reflux  condenser  and  heated  to  boiling.  Stan- 
nous chloride  solution  was  then  added  through  the  condenser 
and  the  mixture  refluxed  for  three  to  five  hours.     The  addi- 
tion of  the  stannous  chloride  caused  a  white  precipitate  to 
form.    At  the  end  of  each  run  a  portion  of  the  susr)ension  was 
diluted  with  an  equal  volume  of  water  and  the  resulting  pH 
measured.     The  results  are  given  in  Table  XK. 


Table  XK.     Heaction  of  Anhydrous  Stannous  Chloride  and 

Sodium  Hydroxide  in  ixbsolute  Ztnanol  Solution. 


m.l. 

Reflux 

SnClo 

time 

pH 

o.m 

min. 

Remarks 

Microscopic  examination 

8 

5.0 

560 

white 

Small,  v;hite,  highly  refract- 

ive crystals. 

5.2 

210 

white 

Small,  white,  square  cr.Tstals. 

Pew  clear  polyhedral  crystals. 

6 

5.4 

360 

white 

I!ostly  irresolvable  at  lOOOx. 

pew  ^oolyhedral  clear  crystals. 

6 

5.6 

360 

white 

Small,  irreg.  particles.  Few 

square  faced,  clear,  white, 

highly  refractive  crystals. 

5 

6.0 

420 

white 

Irreg.  small  white  crystals. 
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Reactions  in  n-butanol. 

5.0  ml.  portions  of  sodium  hydroxide  in  ethanol  and  20  ml. 
of  n-butanol  were  measured  into  the  reflux  flask,  then  heated 
to  boiling.     The  hot  alcohol  solution  was  clear  pale  yellow. 
To  this  was  added  cold  stannous  chloride  solution  in  n-butyl 
alcohol  and  the  mixture  refluxed  for  the  period  noted.  The 
results  are  given  in  Table  XXI. 


Table  XXI.     Heaction  of  Stannous  Chloride  and  Sodium 
Hydroxide  in  II-Butanol  Solutions. 


ml. 

Reflux 

SnClg 

time 

0.5M 

min. 

Remarks 

Microsco"Dic 

Examination 

-9 

5.0 

180 

m'hite 

Small 

irreg. 

white  particles. 

6 

5.4 

180 

white  with 

Small 

white 

irreg.  particles. 

few  orange  & 

brown  part- 

icles 

6 

5.8 

180 

white 

Small 

irreg. 

particles. 

5 

6.2 

180 

white 

Small 

irreg. 

particles. 

6 

5.4 

60 

distilled 

Brown- 

-white 

irreg.  particles. 

off  ethanol. 
brown -white 


The  last  test  in  Table  XXI  was  carried  out  by  distilling 
off  the  ethanol  from  the  butyl  alcohol  solution  after  adding 
tne  sodium  hydroxide.    V/hen  tiie  temperature  reached  114°  the 
stannous  chloride  solution  was  added. 

Reactions  in  glycerol  solutions. 

5.0  ml.  of  l.OM  sodium  hydroxide  solution  in  glycerol 
and  20  ml.  of  glycerol  v/ere  heated  to  150°  in  a  flask  pro- 
vided with  a  motor  stirrer.     To  the  solution  v/as  added  the 
required  amount  of  O.SI  stannous  chloride  solution  in  glycerol 
and  the  temperature  maintained  at  150-160°.     Table  X2II  gives 
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the  results  obtained.     The  pH  was  determined  by  adding  a  por- 
tion of  the  mixture  to  an  equal  volume  of  water  and  testing 
with  pH  test  paper. 

Table  XXII.    Reaction  of  Stannous  Chloride  and  Sodium 
Hydroxide  in  Glycerol  Solution. 


ml. 

Reflux 

SnCl 

time 

pH 

min. 

Remarks 

Microscopic  Examination 

8 

5.2 

55 

white  turned 

Small  refractive,  irreg.. 

grey-brovna 

white  particles. 

8 

4.9 

280 

white  turned 

Semi -opaque,  white. 

purple -grey 

irregular  particles. 

5 

5.4 

560 

white 

Small  white  particles. 

Reactions  in  Pyridine  Solution. 

The  reactions  were  carried  out  by  measuring  5.0  ml.  por- 
tions of  sodium  hydroxide  solutions  in  ethanol  or  glycerol 
into  a  flask  and  diluting  with  20  ml.  of  pyridine.    A  sus- 
pension of  sodium  hydroxide  resulted  and  when  heated  the 
sodium  hydroxide  did  not  dissolve.     The  suspensions  from  the 
use  of  glycerol  solutions  dissolved  to  some  extent  on  heating. 
The  stannous  chloride  solutions  in  pyridine  were  added  to  the 
boiling  suspension  of  the  base  and  the  whole  refluz^red.  Table 
XXIII  gives  the  results  obtained.     The  pH  was  measured  as 
mentioned  above. 
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Table  XXIII.     neaction  of  Stannous  Chloride  and  SodiTun 
Hydroxide  in  Pyridine  Solution. 


ml. 

SnCl, 
pH  0.5M' 


8 


5,0 


5.3 


5.7 


6.1 


Reflux 
time 
min. 


Kemarks 


90    KaOH  in  ethanol. 

Ppt.  turns  grey. 
90    WaOH  in  etiianol. 

Ppt.  turns  dark 

grey.    I'ew  black 

particles. 
260    NaOH  in  glycerol. 

Ppt.  white,  3 

black  particles. 
260    UaOH  in  glycerol, 

Ppt.  white. 


Microscopic  Examination 

Opaque  white  particles. 
Possibly  rounded  cubes. 
Dark  crystals  are  square, 
Hest  are  irreg.  white. 


Small  white  irreg. 
particles.  Black 
particles  are  irreg. 
Small  irreg.  white 
particles. 


Reaction  in  Pormamide  Solution. 

Formamide  reacts  with  sodium  hydroxide  with  decomposi- 
tion of  the  former.    Ammonia  is  formed  as  one  of  the  products 
with  simultaneous  loss  of  alkalinity  of  the  solution.  Pre- 
liminary experiments  also  showed  that  continued  heating  of  a 
stannous  chloride  solution  in  formamide  caused  the  formation 
of  a  white  gelatinous  precipitate,  probably  due  to  hydrolysis 
of  the  stannous  chloride  and  decomposition  of  the  formamide. 
Because  of  this  the  procedure  followed  was  to  mix  20  ml.  of 
formamide  with  5.0  ml.  oi  0.5M  SnClg  solution  and  add  the 
necessary  amount  of  cold  sodium  hydroxide  solution  in  ethyl 
alcohol.    It  was  hoped  that  the  sodium  hydroxide  and  stannous 
chloride  would  react  before  decomposition  of  the  solvent  could 
take  place  to  a  serious  extent  and  that  the  resulting  mixture 
could  be  heated  safely  to  100°,     Table  XXIV  gives  the  results 
obtained  in  these  experiments. 
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Table  XXIV. 


pH 


ml, 

SnCl. 
0.5M' 


9  5.0 

5  5.0 

5-6  20 

8  20 


Reaction  of  Stannous  Chloride  in  Formamide 
'tilth  Sodium  Hydroxide  in  Ethanol  Solution. 


Reflux 
time 
min. 

380 


90 

22 
13 


Remarks 

7/hite  ppt.  turned 
yellow.    Few  dark 
particles.  Odor 
of  ITHg 

Y/hite  ppt.  turned 
yellow.  Lark 
particles  formed 
and  redissolved. 
y/hite  ppt.  turned 
"black. 


White  ppt. 
black. 


turned 


Microscopic  Examination 
Hot  observed. 


Mostly  v;hite  irreg, 
particles.     Few  brown, 
irreg.  agg.omerates. 

Brown,  round  particles 
tend  toward  square  or 
octagon  shape. 
Soft,  rounded  octagonal 
black  particles  agglom- 
erates. 


Discussion  of  Results. 

Stannous  oxide  was  not  obtained  in  solutions  of  ethanol, 
glycerol,  pyridine  and  n-butanol.     The  reactions  of  stannous 
chloride  and  sodium  hydroxide  these  solvents  may  take  place 
following  three  possible  reactions.    First,  stannous  hydroxide 
may  be  formed  from  the  stoichiometric  reaction 

SnClg  +  21c  aOH  =  SnfOHlg  +  2NaGl.  (l) 
The  resulting  hydroxide  may  be  solvated  to  some  extent  or 
may  decompose  into  the  hemi-hydrate  according  to  reaction  2. 

2Sn(0H)2    =    ESnO.EgO  +  HgO  (2) 

Second,  tne  product  formed  may  be  both  a  solvated  and  hydrated 

oxide.     The  reaction  may  be 

SnClp  +  21Ta0H  +  solvent    =    Sn0*^2^      ^  ,  ,  , 

^  .solvent  +  21TaCl.  fs) 

A  third  possible  reaction  is  the  formation  of  an  oxychloride 
in  which  the  reaction  m-ould  be 

SnOlg  +  IfaOH    =    SnfOH)01  +  ITaCl.  (4) 
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It  is  unlikely  that  this  reaction  takes  place  to  any  extent 
since  in  the  experiments  two  mols  of  sodinin  hydroxide  were 
added  per  mole  of  stannous  chloride.     This  would  leave  an 
excess  of  base  end  it  was  found  that  the  base  was  all  used 
up. 

It  would  be  difficult  to  decide  which  of  the  other  tv/o 
reactions  take  place  from  the  amount  of  information  avail- 
able.   If  reactions  1  or  2  take  place  it  would  indicate  that 
the  dehydration  process  to  form  anhydrous  stannous  oxide 
must  require  a  solution  in  which  both  the  hydrate  and  anhy- 
drous oxides  are  mutually  soluble  to  some  extent.  Since 
the  latter  was  not  formed  to  any  extent  in  organic  solvents 
it  is  probable  that  the  hydrate  was  not  soluble  in  the 
mediam  under  the  conditions  tested.     If  a  hydrated  or  sol- 
vated  oxide  is  formed  it  is  then  stable  up  to  114°  which  was 
the  boiling  point  of  the  n-butanol.    It  may  have  decomposed 
to  some  extent  at  150  degrees  since  the  products  in  the 
reactions  in  glycerol  were  dark.     The  actue.1  reactions  which 
take  place  in  organic  solvents  would  warrant  further  study. 

It  is  apparent  that  in  the  formamide  solutions  some 
sort  of  dehydration  reaction  takes  place.    Again  the  problem 
of  deciding  of  v/hat  the  original  hydrate  consists  must  be 
left  for  further  investigation.     The  final  product  is  char- 
acteristic of  anhydrous  starjious  oxide  in  its  color,  but  its 
crystalline  character  is  not  that  of  stannous  oxide.     It  is 
a  soft,  po'A'dery  material  v^hereas  crystalline  stannous  oxide 
is  fairly  hard.     It  is  possible  that  the  product  obtained  in 
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these  experiments  consists  of  very  finely  divided  anhydrous 
particles  partially  oriented  into  larger  particles  of  a 
shape  usually  found  in  crystalline  SnO.    Examination  at  1000 
diameters  shows  that  the  smaller  particles  do  not  have  a 
definite  shape. 

Formamide  solutions  would  provide  the  conditions  nec- 
essary for  dissolution  of  the  hydrate  to  take  place  readily, 
although  not  as  readily  as  in  water.     It's  dielectric  con- 
stant is  high.    Under  these  conditions  the  reactions  taking 
place  mi  "ht  be  similar  to  those  in  v/ater  solutions  and  stan- 
nous oxide  could  "be  formed.     The  fact  trat  formamide  decom- 
poses so  readily  makes  it  difficult  to  decide  whether  the 
reaction  was  due  to  the  presence  of  water  from  the  decom- 
position of  tne  solvent,  or  v/hether  it  was  a  reaction  similar 
to  that  in  water  solutions. 

The  use  of  organic  solvents  in  the  preparation  of  stan- 
nous o::ide  has  not  "been  found  practical.     It  does  present, 
however,  an  interesting  problem  of  what  reaction  products 
are  formed  and  its  study  would    be  of  much  value  to  the 
knowledge  of  reactions  in  non-aqueous  solutions. 
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THEORY  OP  THlil  IIECIL^XISM  OP  THE  TRMSPOPJIATIOTT  OP 
STAl^TirOUS  HYBimiDE  TO  STAin'OUS  OXIDE. 

The  net  resiilt  of  the  trar^sf  orrnation  of  hydra  ted  stannous 
oxide  to  anhydrous  stannous  oxide  is  to  remove  water.  A 
mechanism  for  this  reaction  is  proposed  on  the  basis  of  the 
facts  observed  in  the  study  of  the  preiDaration  of  the  oxide 
and  information  in  the  literature. 

The  constitution  of  hydrated  stannous  oxide  has  been 

studied  without  consistent  results.     Bury  and  Partington"'' 

proposed  the  formula  SSnO.SHgO  as  a  result  of  their  experl- 

2 

ments,  while  YJeiser  and  llilligan    found  that  the  most  likely 
composition  was  SSnO.HgO.     The  latter  was  determined  by  a 
study  of  the  temperature-composition  curve  of  stannous 
hydroxide.     It  contains  still  more  water  when  it  is  first 
precipitated  and  in  order  to  attain  the  above  composition 
hydrous  water  must  be  removed       some  means.     This  requires 
a  strong  dehydrating  agent  acting  over  a  relatively  long 
period  at  room  temperatures. 

The  stability  of  the  dry  hydrate  begins  to  decrease  as 
the  temperature  is  elevated.    Up  to  about  100°  the  amount  of 
water  in  the  hydrate  is  constant  and  above  that  temperature 
it  decreases.*^    At  160°  the  hydrate  does  not  lose  all  of  its 
water.^    According  to  this  data  it  is  theoretically  imposeible 

1.  Bury.  P.  V,'..  Partington,  J.  R. ,   J.  Chern.  Soc.  ,  121,  1093, 
(1922). 

2.  V;eiser,  H.  E..  Ililli.eran,  '-^J .  0.,   J.  Phys.  Chem.  56,  3039 
(1932). 
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to  dehydrate  the  hj'-drEte  "by  heating  in  "boiling  water  if 
other  factors  do  not  ir.terfere.     The  fact  that  a  crystalline 
oxide  rather  than  a  finely  divided,  amorphous  appearing  pro- 
duct is  produced  v/hen  the  hydrate  is  dehjj-drated  is  evidence 
that  the  process  is  not  a  direct  removal  of  its  water  of 
hydration.    Heating  the  dry  hydrate  in  an  inert  atmosphere 
to  remove  the  water  produces  a  finely  divided  hroTO -black 
product.^ 

The  formation  of  the  crystalline  oxide  from  a  suspension 

of  the  hydrate  in  the  appropriate  medium  at  once  suggests 

that  it  is  deposited  from  a  solution  with  which  it  is  in 

2 

equilibrium.    Ditte    suggested  that  in  hydrochloric  acid 
solutions  end  solutions  of  salts  '.vhich  hydrolyze  to  yield 
hydrochloric  acid  the  decomposition  reaction  may  be  the 
formation  of  an  oxychloride  which  breaks  down.     The  acid  is 
regenerated  v.'hen  the  oi^'ide  is  deposited. 

Earlier  in  this  dissertation  the  reaction  between 
stannous  chloride  and  sodium  hydroxide  in  organic  solvents 
was  studied.     It  was  found  that  in  most  of  the  solvents 
studied,  the  hydrate  did  not  decompose  to  form,  the  anhydrous 
oxide.     If  the  mechanism,  was  a  direct  dehydration  process, 
i.e.,  the  hydrate  giving  up  its  Y/ater  directly,  the  oxide 
should  have  been  formed  since  in  some  of  the  reactions  studied 
the  temperature  was  much  above  100°,     This  indicates  that  the 

1.  Tschermak,  G. ,  Sitz.  ber.  d.  Wiener  Akad.  44  (2)  734  (1862). 

2.  Ditte,  A..  An:.  Chim.  Phys.    (5)  27,  145  fl832). 
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mechoriism  is  dependent  on  the  solvent  in  v/hich  the  hydrate 
is  suspended.     It  is  well  laiown  that  most  organic  solvents  do 
not  have  the  properties  necessary  for  dissolving  inorganic 
substances. 

A  study  of  the  rate  of  the  dehydration  reaction  in  water 
suspension  is  very  enlightening.    Figures  1  to  7-    show  clearly 
that  the  rate  is  closely  associated  v/ith  the  hydrogen  ion  con- 
centration of  the  solution  from  which  the  oxide  is  "being  de- 
posited.    The  solulDility  of  the  hydrete  is  likewise  deT)endent 
on  the  hydrogen  ion  concentration.     Goldschmidt  and  Eckhardt"^ 
studied  the  solubility  of  the  hydrate  in  0.0041:  to  0.03M 
sodium  hydroxide  solutions.     The  results  of  their  experiments 
are  found  in  Fi,eure    9.       .    IMo  other  reference  was  found  on 
the  solubility  of  the  hydrate  in  either  acid  or  base  solutions. 

When  a  crystalline  form  is  deposited  from  a  solution  its 
rate  of  deposition  depends  mainly  on  one  primary  factor,  the 
degree  of  su. ersaturation  in  respect  to  the  crystals.  (The 
rate  of  formation  of  crj^stal  n.-clei  and  the  rate  of  growth  of 
the  latter  are  dependent  on  this  factor.)     The  degree  of 
supersaturation  of  the  oxide  is  der^endent  on  the  relative  solu- 
bility of  the  hydrate  and  the  anhydrous  form.     I"  the  hydrate 
is  very  soluble  an.d  the  oxide  is  much  less  soluble  the  solution 
becomes  supersaturated  in  respect  to  the  latter  and  the  oxide 
will  form  readily.     This  is  a  necessary  condition  for  the 
deposition  of  any  material  from  solution,  and  is  true  for  the 


1.     Goldschmidt,  E.,  Eckhardt,  1.:.,  Z.  phys.  Ghem.  56,  386  (1906). 
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stannous  oxide- stannous  hydroxide  system  in  either  acid  or 

"base  solutions. 

Figure    9    also  gives  the  solutiility  curve  of  stannous 

oxide  in  HCl  and  T.&.OE  solutions  as  determined  "by  Garrett  and 

Heiks."^    A  comparison  of  their  curve  with  that  olbtained  "by 

2 

Groldschmidt  and  Eckhardt"  shows  the  higher  solubility  of  the 
hydrate  in  FaOH  solutions  as  would  "be  expected.  Further 
evidence  is  presented  by  the  fact  that  clear  saturated  solu- 
tions of  stannous  hydroxide  in  sodium  or  potassium  hydroxide 

have  been  observed  to  deposit  anhydrous  stannous  oxide  crystals 
3 

on  standing.       This  is,  however,  contrary  to  the  finding  of 
4 

Eantzsch    who  observed  that  the  clear  solution  from  a  1:8  mole 
ratio  of  stannous  chloride  and  sodium  hydroxide  did  not  pre- 
cipitate stannous  oxide  on  standing,  on  boiling,  nor  on 
dilution. 

E 

On  this  same  subject  G-oldschmidt  and  Eckhardt  noticed 
in  their  studies  on  the  solubility  of  stannous  hydroxide  that 
when  stannous  oxide  v/as  deposited  from  a  stannous  hydroxide 
suspension,  the  tin  content  of  the  solution  was  generally 
lower  than  when  the  oxide  didnot  form.     This  would  be  expected 
since  the  substance  in  solution  will  be  in  equilibrium  with 
its  least  soluble  compound. 


1.  Garrett,  A.  B.  ,  Heiks,  ti,  E,,  J.  Am.  Chem.  Soc.  63,  562 
(1941) . 

2.  Groldschmidt,  I-I.,  Jckhardt,  M.,  Z.  phys.  Chem.  56,  386 
(1906) . 

3.  Premy,  E; ,  Ann.  Chim.  Phys.   (z)  12,  457  (1844). 
Herz,  '.Y.,  S.  anorg.  Chem.  30,  535  (1902). 
Ditte,  A.,  Ann.  Chim.  Phys.   (5)  27,  145  (1882). 

4.  Hantzsch,  A.,  2.  anorg.  Chem.  50,  305  (1902). 
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The  fccts  given  above  lead  to  the  concl-asion  that  in 
basic  solution  the  formation  of  stannous  oxide  from  stannous 
hydroxide  involves  a  dissolution  of  the  hydrate.  A  solution 
which  is  supersaturated  in  respect  to  the  anhydrous  oxide  is 
formed  and  the  oxide  is  deposited  in  a  crystalline  form.  As 
the  oxide  is  removed  from  the  solution  more  hydroxide  dissolves 
and  the  process  is  repeated  until  it  has  all  been  transformed. 

A  similar  mechanism  can  be  proposed  for  the  dehydration 

in  acid  solutions  since  the  original  hydroxide  and  the  oxide 

formed  are  the  same  as  in  basic  solutions. 

It  must  be  mentioned  that  according  to  the  exr)erir.ental 

1 

results  of  Sarrett  and  Heiks    the  solubility  of  stannous 

-6 

oxide  in  water  is  5  x  10      moles  ^er  1000  grams  of  water. 
E'rom  their  calculations  they  hfi.ve  determined  the  solubility 
product  constant  of  the  hydroxide  as  1.5  x  10"*"  .     The  solu- 
bility of  stannous  hydroxide  calculated  from  this  value  is 

-9  -3 

about  1.5  X  10      moles  per  1000  grams  or  about  10  times 

smaller  than  that  of  stanrous  oxide.     Goldschmidt  and 

-5 

Eckhardt  report  the  solubility  in  water  as  1.4  x  10  moles 
per  1000  grams.     It  '.vill  be  expected  that  at  pH  of  7  stannous 
hydroxide  will  be  stable  and  stannou.s  oxide  will  not  be  formed 
readily.     This  would  account  for  the  very  low  rate  of  forma- 
tion of  the  oxide  in  the  vicinity  of  pH  7. 

Stannous  hydroxide  dissolved  in  sodium  hydroxide  yields 
principally  ESnOg-  ions'^.     Stannous  oxide  dissolved  in  sodium 

iT     Garrett,  A.  B. ,  Keiks.  H.  3.,  J.  An.  Ohem.  Soc.  63,  562 
(1941) . 

2.     Goldschmidt,  H. ,  Sckhardt,  LI.,  Z.  phys.  Ghem.  56,  SS6  fl906). 
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1 

hydroxide  also  jT^ields  mostly  this  ion  .    Hence  the  reaction 
mechanism  in  base  solutions  probably  involves  only  the  form- 
ation of  this  ion.     The  predominant  ion  formed  when  stannous 
oxide  is  dissolved  in  acid  was  fonnd  to  be  SnfOH)*    in  0.005 
to  0.015  molal  hydrochloric  aoid  and  Sn      in  solutions  of 
higher  acidity.     It  may  be  that  one  of  these  ions  is  the  pre- 
dominant one     hen  stannous  hydroxide  is  dissolved  in  hydro- 
chloric acid  soliitions,  although  nothing  definite  can  be 
stated  about  this.     It  is  reasonable  to  assume  that  the  trans- 
formation in  acid  solutions  is  through  the  medium  of  either 
or  both  of  these  ions,  depending  on  the  acidity. 

It  was  noticed  that  suspensions  of  the  hydroxide  in 
sodium  hydroxide  between  pH  8  and  pH  11  to  12  often  did  not 
deposit  stannous  oxide  on  standing  for  very  long  -oeriods  of 

0  J, 

time  at  room  temperature  and  at  55  ,      Solutions  prepared 
under  similar  conditions  and  heated  to  boiling  converted 
much  more  rapidly.     This  must  be  due  to  the  formation  of  a 
more  supersaturated  solution  of  the  oxide  and  indicates  the 
relatively  greater  solubility  of  stannous  hj^droxide  at  the 
higher  temperatures. 

Suspensions  of  the  hydrate  in  sodium  carbonate  solution 
having  a  smaller  hydrogen  ion  concentration  than  suspensions 
in  sodium  hydroxide  were  observed  to  convert  nearly  as  fast» 
This  may  be  explained  by  the  reaction 

COg""  +  Snf0E)2  — >  HSn02"  +  HCO3' 

1.     Garrett,  A.  B. ,  Reiks ,  s'.,  E.,  J.  Am.  Chem.  Soe.  63,  562 
(1941) 

*     See  section  on  action  of  light  on  stannous  hydroxide. 
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in  which  the  carlionate  ion  acted  as  a  hydrogen  ion  acceptor 
and  increased  the  solubity  of  the  stannous  hydroxide.  The 
incret-sed  solubility  in  turn  causes  a  more  rapid  transform- 
ation to  the  anhydrous  o^cide. 

Suspensions  of  the  hydrate  in  ammonia  do  not  convert  to 
the  oxide. The  explanation  for  this  action  is  due  to  the 
small  amount  of  free  hydroxj^l  formed.     This  does  not  increase 
the  solubility  of  the  hydrate  appreciably  and  only  a  small 
amount  of  the  intermediate  ion  is  formed.     This  reaction  might 
take  place  over  a  very  long  period  of  time. 

It  has  been  observed  that  base  solutions  favor  the  form- 
ation of  a  few,  large  crystals.     This  cannot  be  explained  on 
the  basis  of  relative  supersaturation  alone.     If  this  vms  the 
only  factor  the  amount  of  crystal  nuclei  would  be  the  same  in 
acid  and  base  solutions  of  the  same  relative  suDersaturation. 
The  explanation  may  be  that  some  of  the  hydroxide  may  dehydrate 
directly  to  the  oride  in  acid  solution,  furnishing  many  parti- 
cles for  nuclei. 

The  question  of  the  aging  of  the  hydrate  probably  must 
remain  as  such.    I:]xcept  v/hen  the  concentration  of  the  base  was 
high  there  was  always  a  noticeal  le  period  during  '.Thich  the 
hydrate  aged  before  the  oxide  formed.     This  means  that  the 
earlier  forms  of  the  hydrate  are  not  as  soluble  as  the  a°-ed  one 
or  else  the  oxide  would  begin  to  form  at  once.     (The  oxide 
usually  formed  very  rapidly  compared  to  the  total  time  of 


1.  u'eiser,  K.  B. ,  Ililligan,  .V.  0.,  J.  Phys.  Chem.  56,  3059 
(1952) . 
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conversion,  once  it  began).     The  aging  may  involve  a  loss 
of  hydrous  m^ater  and  certainly  is  attended  with  a  change  of 
particle  aggregation.    Probably  this  latter  is  a  formation 
of  a  micro-crystalline  state. 

The  mechanism  of  the  conversion  reaction  nay  be  siimmed 
up  as  follows:     The  hydrate  dissolves  in  the  base  or  acid 
solution  to  form  a  solution  m'hich  is  supersaturated  in 
respect  to  stannous  oxide.     In  base  solutions  the  tin  is 
contained  mostly  as  the  ESn02  ^^'^  s-cid  solutions 

either  as  Sn**  or  SnfOH)*,  depending  on  the  hydrogen  ion  con 
centration.     The  stannous  oxide  crystallizes  from  the  solu- 
tion due  to  the  supersaturated  state.     The  dehydration  pro- 
ceeds faster  at  higher  temperatures  because  of  the  greater 
relative  super  saturation  at  those  temiDeratures.     In  general 
any  substai-ce  which  is  a  hydrogen  or  hydroxyl  ion  acceptor 
should  increase  the  relative  super saturation  and  cause 
stannous  oxide  to  deposit  from  a  suspension  of  the  hydrate. 
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Preparation  of  Pure  Anhydrous  Stannous  Oxide 

A  study  of  the  results  of  the  preliminary  v/ork  on  the 
factors  affecting  the  preparation  of  anhydrous  stannous  oxide 
showed  that  there  were  several  points  which  could  be  profit- 
ably observed  in  the  preparation  of  pure  material.     One  of 
the  most  im^portant  of  these  is  to  eliminate  any  stannic  tin 
from  the  solution  since  it  later  forms  stannic  oxide  which 
rem.ains  as  an  Im.purity,     Generally  it  was  rem.oved  by  refllix- 
ing  the  stannous  chloride  solution  with  metallic  tin  to  re- 
duce    the  stannic  to  stannous  tin.     Once  the  stannic  tin  has 
been  reduced  the  important  problemi  remains  to  keep  all  of 
the  tin  reduced.     This  was  done  by  making  all  subsequent 
operations  in  a  nitrogen  atmosphere.     Elimination  of  other 
impurities  occurs  in  the  recrystalllzation  of  the  stannous 
chloride. 

The  form,  of  the  crystals  is  im.portant.     It  may  be  as- 
sumed that  the  simpler  the  form  the  less  the  amount  of 
impurity  which  m.ight  be  carried  down  during  the  formation. 
It  is  essential,  then,  that  agglomerated,  intergrowing, 
interpenetrating  and  dendritic  crystals  be  avoided  by  con- 
trolling the  formation.     This  is  most  easily  done  by  pre- 
paring stannous  hydroxide,  washing  it  free  fromi  by-product 
salts,  and  treating  it  in  the  desired  manner  to  produce  the 
anhydrous  form.     The  addition  of  a  sr.all  amount  of  hydro- 
chloric acid  to  the  hydrate  until  the  pH  v/as  about  6  was  found 
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to  produce  a  product  which  consisted  of  individual  crystals 
for  the  most  part.     The  conversion  takes  place  smoothly  and 
slowly  under  these  conditions  thus  tending  to  keep  adsorption 
and  occlusion  to  a  minimuir..     The  product  is  readily  washable 
by  decantation. 

The  addition  of  sodiun  hydroxide  to  the  washed  hydrate 
until  the  pH  is  11-13  and  heating  causes  larger  crystals  to 
form,  but  they  are  accompanied  by  many  interpenetrating  cry- 
stal growths  which  m.ay  occlude  particles  of  the  hydrate,  or 
portions  of  the  solution.     The  crystals  are  larger,  hov/ever, 
and  there  are  fewer  per  unit  weifT-ht.     This  helps  to  keep 
occluded  and  adsorbed  substances  at  a  minimum. 

The  presence  of  large  am.ount  of  foreign  salts  such  as 
ammonium,  potassium  or  sodium  chloride,  which  may  be  formed 
as  by-products  is  detrim.ental  to  the  form.ation  of  good  cry- 
stals.    These  cause  the  form.ation  of  irregular  shapes  and 
less  conti'ollable  conditions.     it  is,  therefore,  desirable 
to  TQTCiOve  these  before  the  final  conversion  is  m.ade. 

Sam.ples  of  stannous  oxide  were  prepared  under  controlled 
conditions  and  analyzed  for  their  stannous  oxide  content  in 
order  to  determine  the  best  conditions  for  the  preparation  of 
pure  stannous  oxide. 

Reagents. 

J.  T.  Baker's  Analyzed  Stannous  Chloride  (#1940)  was 
recrystallized  by  adding  60  ml.   of  CP.  concentrated  hydro- 
chloric acid  to  450  grams  of  the  chloride  and  heating  to 
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bring  into  solution.     It  v/as  cooled  in  ice  water  to  obtain 
small  crystals  and  the  reniaininf;^  mother  liquor  removed  by 
decantation.     It  was  not  washed  due  to  its  high  solubility 
in  acucous  solutions.     A  second  and  third  recrystallization 
was  made  using  10  ml.   of  acid,  the  sv.we  procedure  being  used 
to  recover  the  product.     The  dihydrate  was  then  melted  (m.p, 
3V.v°  C),  allowed  to  cool  slowly  and  solidify.     The  tail 
fraction  amounting  to  about  15  ml.   of  the  melt  was  decanted 
from  the  solid.     This  procedure  was  repeated  again  and  the 
solid  finally  obtained  was  stored  in  a  glass  bottle. 

Concentrated  hydrochloric  acid,  ammonium  hydroxide,  sod- 
iUm  hydroxide  pellets,  anhydrous  sodium  carbonate,  and  tin 
metal  pellets,  all  J.   T.  Baker's  CP.   Analyzed  grade,  were 
used  vvithout  further  purification. 

Apparatus. 

The  apparatus  used  is  show  in  Figure   10      .     It  consisted 
of  (1)   a  Pyrex  distilling:  flask  in  which  the  stannous  chloride 
in  hydrochloric  acid  solution  was  refluxed  with  tin  pellets 
to  reduce  any  atannic  tin  present.     ±t  was  provided  with  a 
tube  sealed  through  the  neck  of  the  flask  und  entending  to 
the  bottom  of  the  reaction  flask.     ihe  regular  arm  on  the 
distilling  flask  was  used  as  a  short    condenB^r  and  also  as 
a  nitrogen  inlet.     a  glass  cap  v/as  ground  to  fit  the  neck 
and  thus  provide  an  all  glass  container.     {2)  A  tv/o  liter 
filter  flask  was  used  to  boil  out  the  air  from  distilled  v/ater 
under  reduced  pressure.     This  obviated  the  necessity  of  heat- 


(b)    Digramatlc  iiketch 
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Figure  10.     Apparatus  for  the  Prepar.tion  of  Stannous 
Oxide, 


82. 


ing  the  water  to  boiling  and  allowing  to  cool  under  nitrogen. 
^5)  is  a  three  neck,  two  liter  flask  in  which  the  reaction 
between  the  tin  solution  and  base  took  place.     It  was  pro- 
vided with  a  thermometer  and  a  solution  inlet  on  one  side 
and  aji  adjustable  outlet  which  could  be  raised  or  lowered 
for  removing  the  supernatant  liquid  and  wash  water  on  the 
other.     The  latter  vms  also  used  as  a  nitrogen  outlet  when  In 
a  raised  position.     The  center  neck  vtras  provided  with  a  mer- 
cury se9led  all  glass  stirrer  connected  to  a  variable  speed 
motor,  a  nitrogen  gas  supplied  with  a  reducing  valve  furnish- 
ed the  inert  atmosphere.     The  gas  was  passed  through  two  wash 
bottles  (5)  15  cm.  high,  filled  with  stannous  chloride  solu- 
tion containing  potassium  iodide  to  increase  the  rate  of 
adsorption  of  oxygen.     It  then  went  to  a  one  (zallon  glass 
bottle  v/hich  acted  as  a  sm.all  resevoir  (o).     The  latter  was 
provided  with  a  '/5  cm.   open  glass  tube  which  extended  into 
a  small  amount  of  colored  water  in  the  bottom.     It  acted 
both  as  a  safety  valve  in  case  the  pressure  becam.e  too  high, 
and  as  a  presf^'ure  gauge.     Aporopiate  connections  were  pro- 
vided by  which  nitrogen  could  be  admitted  to  any  flsk  without 
adrr.itting  air.     This  was  devised  to  prevent  any  possible  air 
oxidation  of  the  contents.     The  boiled-out  water  was  fed  in- 
to the  distilling  flask  and  three  neck  flask  by  gravity 
flow. 
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Methods  of  Analysis. 

O.IN  iodine  solution  was  prepared  in  the  usual  manner. 
The  dissolved  air"^  v/as  removed  by  boiling  the  solution  under 
reduced  pressure  and  it  was  then  stored  under  nitrogen.  It 
was  transferred  by  gravity  into  the  burette  as  indicated  in 
Figure     1-"-  .     The  solution  was  standarlzed  by  comparison 
with  a  standard  solution  of  ai-senic  oxide  prepared  from  U.S. 
Bureau  of  Standards  AsrjOj.     The  latter  solution  was  prepared 
by  dissolving  a  weighed  amount  of  arsenous  oxide  in  sodium 


hydroxide  and  neutralizing  with  hydrochloric  acid,   the  pH 
being  adjusted  to  V.     It  v/as  diluted  to  one  liter  in  a  cali- 
brated volumetric  flask  at  ^0,0°  .     The  iodine  solution  v/as 
also  standardized  with  individual  samples  of  the  arsenic  oxide 
and  was  com.pared  with  sodium,  thlosulfate  solution  which  had 
been  standardized  with  twice  resubllmed  iodine. 

All  volumetric  aoparatus  used  was  calibrated;     the  bur- 
ettes were  calibrated  at  5  ml.   Intervals,     The  weights  were 
calibrated  at  two  different  times,  and  were  found  to  have 
rem-ained  constant. 

The  purity  of  the  stannous  oxide  sam.ples  v;as  tested  in 
most  cases  by  three  methods. 

(1)     A  one  gram  sampled  of  stannous  oxide  dried  at  (lldO^- 

150°  )  was  weighed  into  a  vijeighed,  ignited  crucible.     It  was 

Tl     Okell,  P.L.,  Limsden,  J.,  Analyst.  60,  805  (1935)",  state 
air  dissolved  in  O.IN  iodine  solutions  m.ay  cause  as  much  as 
1%  error  in  the  titration  of  tin  solutions. 
Appendix  I. 
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placed  into  a  cold  electic  muffle  and  the  temperature  raised 
to  950°  C  over  a  period  of  four  to  five  hours  and  left  for 
about  two  hours  at  that  temT^erature  to  ensure  cor:plete  ig- 
nition.    It  was  cooled  to  room  temperature  in  a  sulfuric  acid 
desiccator  for  exactly  45  minutes  sind  weighed.  Constant  weight 
was  attained  by  heating  for  one  hour  intervals  and  cooling 
as  before.     This  method  of  heating  was  found  advisable  be- 
cause rapid  ignition  with  a  burner  caused  erratic  results, 
presum.able  due  to  loss  of  small  particles  of  the  oxide  when 
it  ignited.     ^he  oxidizing  atm.osphere  of  the  furnace  is  also 
conducive  to  good  results.     Flame  gases  laay  cause  some  reduc- 
tion to  rretallic  tin  and  its  loss  as  a  vapor. 

Since  the  main  im.purity,  stannic  oxide,  was  not  removed 
before  ignition  the  net  percentage  of  stannous  oxide  must  be 
found  indirectl-y.     Other  Im.purities  were  neglected,  although 
the  results  show  that  with  the  more  im^pure  samples  they  must 
be  reckoned  for  accurate  results.     The  other  impurities  are 
probably  m.ostly  chloride  and  water.     Assuming  the  im.purity 
in  the  purest  samples  was  only  stannic  oxide  the  follov/ing 
calculations  may  be  made, 

X  Wq  where 

g^Op  X      weight  of  iinO  in  sample 

^""SnC"      ^      %  ^      weight  of  iinOg  in  sample 

  Wo    weight  of  sample 

SnOo  weight  of  ignited  sample 

X  (sHcT^  -1)       Wi  -  Wo  ^ 


SnO 
or  %  SnO 


X.lOO         ( Wj     Wr> ) .  100 
^oK^nO  
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Pair  checks  were  obtained  with  volumetric  methods  on  samples 
of  hic;h  purity. 

{2)     A  sample  of  stannous  oxide  weighin/^  aporoxlmately  0,3 
gram  was  weighed  into  a  250  m.l,     Erlenmeyer  flask  and  to  it 
Vt/as  added  15  ml.  of  water.     it  v;as  placed  on  a  hot  plate  and 
brought  to  boilino-  for  one  to  two  minutes  to  expell  the  air 
from  the  crystals.     A  two  hole  stopper  fitted  \Ath  a  glass 
tube  reaching  nearly  to  the  bottom,  was  inserted  -md  nitro- 
gen gas  passed  into  the  flask  at  a  fairly  rapid  rate  v/hile 
the  flask  and  contents  cooled  to  room,  temperature.     50  ml.  of 
IM  hydrochloric  acid  were  then  added  to  dissolve  the  oxide, 
which  did  so  readily  in  m.ost  cases.     If  the  oxide  did  not 
dissolve  it  was  heated  and  after  dissolution  it  was  cooled 
slowly  so  that  air  v;as  not  dr^^wn  into  the  flask  by  the  sudden 
cooling.     Five  miilliliters  of  0,2%  starch  solution  were  added 
as  an  indicator  and  the  titration  made  with  standard  iodine 
solution,  the  burette  being  inserted  through  the  second  hole 
in  the  stopoer. 

The  hydrochloric  acid  solution  used  in  this  and  the  next 
method  was  prepared  by  boiling  ou  the  air  under  reduced  pres- 
sure and  was  stored  under  nitrogen  gas. 

(3)     The  third  m.ethod  is  essentially  an  iodimetric  titration 
under  special  conditions.     it  was  found  in  potentlometric"** 
study  of  the  titration  of  stannous  solutions  containing  sod- 
ium citrate  that  the  reaction  was  stoichiometric  and  that  the 
•3;-  A  discussion  of  the  potentiomietric  titration  of  tin  solu- 
tions is  found  in  Appendix  I. 
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reaction  was  stoichiometric     and  that  between  pil  of  2-3  when 
iodide  was  present  air  oxidation  was  surpressed  to  a  surpris- 
ingly large  extent.     The  end  point  is  sharp  with  starch  in- 
dicator and  occurs  at  the  potentimetric  end  point. 

A  0,3  gram  sample  of  stannous  oxide  was  weighed  out  into 
a  250  ml.  iirlenmeyer  flask  and  covered  v/ith  15ml.   of  v/ater. 
The  flask  was  placed  on  a  hot  plate  and  allowed  to  boil  for 
one  to  two  minutes  to  remove  the  air  from  the  crystals,  then 
cooled  v;hile  passing  nitrogen  through  a  glass  tube  in  the  two 
hole  stopper.     After  the  flask  had  cooled  30  ml.  of  11.1  hydro- 
chloric acid  was  added  to  dissolve  the  oxide  and  after  it  had 
dissolved  20  ml.  of  a  solution  of  sodium  citrate  (150  grams 
peril ter)  7;as  added.     One  molar  sodium  hydroxide  solution  was 
then  addea. until     the  pH  was  about4.     A  small  airiount  of  methyl 
orange  m  y  be  used  in  one  sample  to  indicate  the  proper  amount 
of  sodium,  hydroxide  needed.     The  amount  does  not  need  to  be 
exact  as  long  as  the  pH  is  approximately  4.     The  amount  of 
sodium  hydroxide  has  been  found  to  be  about  17  to  19  ml.  of 
IM  solution.     Both  the  sodium  hydroxide  and  sodium,  citrate 
solutions  were  boiled  out  under  reduced  pressure  to  rem^ove 
dissolved  air.     0,2%  starch  solution  was  used  as  an  indicator 
and  the  titration  miade  with  standard  iodine  solution.  It 
was  found  that  as  the  titration  proceeded  that  the  solution 
increased  in  acidity,  due  to  the  form.ation  of  a  complex 
stannic-citrate  ion  with  liberation  of  hydrogen  ion. 
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Methods  of  Preparation  of  Pure  Stannous  Oxide. 

Two  methods  v/ere  tested  in  preparing  pure  stannous  oxide 
First,  a  suspension  of  hydrated  stannous  oxide  v/as  prepared 
by  adding  stannous  chloride  to  ammonium  hydroxide  solution 
and  washed  to  remove  soluble  salts.     It  was  then  treated  with 
either  acid  or  base  and  heated  to  effect  the  conversion.  The 
second  method  consisted  of  adding  the  stannous  chloride  dir- 
ectly to  an  excess  of  base  other  than  ammonia  and  heating 
without  removing  the  suits  form.ed.     In  each  m.ethod  the  proce- 
dure was  to  weigh  out  10  to  20  grams  of  recrystallized  stan- 
nous chloride  dihydrate,  add  it  to  flask  (1)  Figure    10    .  con- 
taining 10  granis  of  tin  pellets  and  oO  m^l.   of  1:1  hydrochloric 
acid  and  reflux  for  one  to  tv/o  hours.     The  solution  was  then 
diluted  v;ith  air  free  v/ater  to  450  ml.   and  either  heated  or 
used  cold  as  desired.     j t  was  passed  into  sn  air  free  solu- 
tion of  excess  base  (contained  in  the  large  three  neck  flask) 
which  was  rapidly  stirred,  this  solution,  likewise,  being 
either  hot  or  cold  as  desired.     Jhe  temperature  was  m.easured 
by  a  thermometer  imjnersed  in  the  solution. 

The  first  m^ethod  utilized  ammonia  solution  as  the  pre- 
cipitant and  both  solutions  were  mixed  cold,     ±he  precipitate 
was  washed  by  adding  boiled  distilled  v/ater  in  about  500  to 
700  ml,  portions,   stirring  and  allowing  to  settle.     The  super- 
natant liquid  was  dr;nvn  off  and  discarded.     This  washing  was 
carried  out  until  the  peptisation  became  considerable.  The 
pH  of  the  liquid  at  that  point  was  usually  about  7  and  the 
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suspension  contained  a  small  airount  of  ai^monium  chloride  as 
an  impurity.     No  attempt  was  irade  to  remove  this.     The  result- 
inp;  hydrate  was  diluted  to  1.0-1.5  liters,  either  acid  or 
base  added  and  the  mixture  heated  to  convert  to  the  oxide. 

Sodium  hydroxide  or  sodium  carbonate  was  used  as  the  pre- 
cipitant in  the  second  method.     An  excess  of  the  reagent  was 
used  and  the  conversion  made  without  washing  the  hydrate  free 
from  soluble  salts. 

In  either  method  the  suspension  was  converted  to  the 
oxide  by  heating  just  belov/  the  boiling  point.  Com.plete  con- 
version was  indicated  by  all  of  the  precipitate  turning  cry- 
stalline black  and  the  supernatant  piquid  becom.ing  clear  on 
standing.     The  heating  was  continued  for  about  30  minutes 
thereafter  to  ensure  thorough  conversion.     The  crystals  v/ere 
washed  in  the  reaction  flask  three  or  four  times  with  air 
free  water  in  a  nitrogen  atmosphere  to  minimize  any  oxidation 
while  the  crystals  were  both  mioist  and  hot.     On  removal  they 
were  washed  futher  by  docantstion  with  ordinary  distilled 
water.     This  served  to  rem.ove  any  unconverted  hydrate  which 
peptized  readily  on  washing.     The  sample  was  finally  washed 
twice  in  9b'/b  ethyl  alcohol  and  twice  Vvith  ether  on  a  glass 
filter,  then  dried  by  drc^v/ing  air  through  for  16-20  minutes. 
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Experimental 

A  description  of  the  method  employed  in  finding  the  best 
node  of  preparation  of  stannous  oxide  is  p:iven  in  the  follov/- 
ing.     The  analyses  of  the  samples  are  given  in  Tables  25-27 
Table    28    is  a  summ.cxry  of  the  results  obtained  and  gives  a 
coniparison  of  the  methods  employed. 

Sample  P-6.   Stannous  hydroxide  precipitated  by  adding  stan- 
nous chloride  solution  to  an  excess  of  amjnonium  hydroxide, 
washed,  added  HCl  until  pn  was  5  and  heated.  Conversion 
complete  in  .:1  minutes.     Product  was  blue-black  and  consisted 
of  sm:all  individual,   square,  tabular  crystals. 
Sample  P-7.     Stannous  hydroxide  precipitated  by  adding  stan- 
nous chloride  solution  to  an  excess  of  airjnonia  solution, 
washed,  HCl  added  until  pil  v/as  5  and  heated.     Conversion  com,- 
plete  in  70  minutes.     Product  v/as  blue-black  and  consisted  of 
sm-all,  individual,   square,  tabular  crystals. 

Sam.ple  P-b.     Stannous  hydroxide  precipitated  by  adding  stan- 
nous chloride  solution  to  an  excess  of  amm,oniiun  hydroxide. 
Hydroxide  washed  until  peptization  took  place,  HCl  added  until 
pH  was  5  :.nd  heated  until  conversion  took  olace.     Tim.e  of  con- 
version, b3  minutes.     Product  was  blue-black  and  consisted 
of  sm.all,  individual,   souare,  tabular  crystals. 

Sample  r--9     Stannous  hydroxide  precipitated  by  adding  hot  stan- 
nous chloride  wolution  to  a  o;.-,  excess  sodium  Cc.rbonate  solu- 
tion.    Conversion  carried  out  in  resulting  solution  by  heat- 


90. 


ing  at  95  for  15  minutes.  Product  consisted  of  siriull  crystal 
rosettes  and  agglomerates.  Appears  dull  black. 
Sample  P-10.  Stannous  hydroxide  precipitated  by  adding  hot 
stannous  chloride  solution  to  a  3>b  excess  of  nearly  boiling 
sodium  carbonate  solution.  Converted  to  oxide  by  continued 
heating  at  98°  for  87  minutes.  Product  consisted  of  small, 
four-point  star,  opanue,  dendritic  crystals. 

Sample  P-11.     Stannous  hydroxide  precipitated  by  adding  boil- 
ing stannous  chloride  solution  to  boiling  sodium  carbonate 
solution  (3/0  excess)  and  heating  for  seven  minutes  to  con- 
vert to  the  oxide.     Product  consists  of  individual,  rr^edium 
size,   scuare  crystals  with  truncated  corners  and  ed^^es. 
Sample  P-12.     Stannous  hydroxide  precipitated  by  adding  cold 
stannous  chloride  solution  to  cold,   excess  sodium  carbonate 
solution  ( excess).     The  precipitate  was  converted  by  heat- 
ing at  99°  for  seven  m.inutes.     Product  consisted  of  small, 
individual,  opaque,  nearly  square  crystals  with  truncated 
edn:es. 

Samiple  P-13.     Stannous  chloride  was  added  to  cold  sodium,  car- 
bonate solution  (3%  excess)  containing  5  grains  of  ammonium 
chloride.     Conversion  effected  by  heatinp-  at  9b°  for  10  m.in- 
utes.     Product  consisted  of  imperfectly  formied  square,  m.edium 
broY,n  crystals  and  somxe  crystal  agglom.erates. 

Sam.ple  P-14.     Stannous  chloride  was  added  to  slight  excess  of 
cold  sodium,  carbonate.     The  pH  was9.     Conversion  effected  by 
heating  at  100°  for  60  m.inutes.     Product  consisted  of  small 
cross  shaped  agglomerated  of  clear  brown  oxide. 
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Sample  P-15.     Stannous  chloride  solution  heated  and  added  to 
a  boiling  solution  of  -kfo  excess  sodium  carbonate.  Conversion 
did  not  take  place  after  BO  minutes,  so  sodium  carbonate  was 
increased  to  about        and  heating  continued.     Conversion  com- 
pleted in  four  minutes.     Product  consisted  of  individual, 
small  tabular,   square  crystals  with  truncated  edges  and  corners. 
Sam.Dle  P-lo.     Stannous  chloride  solution  heated  and  added  to 
a  boiling  solution  of  jr/o  excess  potassium  carbonate.  Conver- 
sion did  not  take  place  after  60  minutes,  so  potassium  carbon- 
ate was  incresed  to  about  3%  and  heating  continued.  Conver- 
sion completed  within  13  minutes.     Product  consisted  of  medium 
size,  square,  tabular  crystals  with  truncated  edges  and  corners. 
Samiple  P-l7.     Cold  stannous  chloride  solution  added  to  cold 
solution  of  2^0  excess  sodium  carbonate  and  heated.  Conversion 
com-plete  v/ithin  47  m.inutes.     Product  was  lustrous  black.  Not 
exar.ined  under  the  microscope. 

sample  P-18.  Cold  stannous  chloride  solution  added  to  a  cold 
solution  of  excess  sodium  hydroxide  and  pH  adjusted  to  13  by 
adding  hydrochloric  acid.  Mixture  heated  and  conversion  was 
completed  in  40  minutes.  Product  consisted  of  lar;^e,  thick, 
ODaoue  square  tabular  crystals  v;ith  truncated  edges  and  cor- 
ners. Lome  etching  had  taken  place  on  the  crystals.  Many 
agglomerates  and  interpenetrating  crystals. 

Sam.ple  P-19.  Cold  stannous  chloride  solution  added  to  -i^n  ex- 
cess of  cold  sodium  hydroxide  solution  and  the  pii  adjusted  to 
13,     On  heating  to  100*^  conversion  v/as  com.plete  within  33 
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Product  consisted  of  Indlvudal  and  ap-glomer ates  of  small, 
thick,   souare  tabular  crystals. 

Sample  P-20.     Boilin,cr  stannous  chloride  solution  added  to  an 
excess  of  boilinf^  sodium,  hydroxide  solution.     pH  was  12.  Con- 
version completed  within  bO  minutes.     Product  consisted  of 
large,  cross  shaped,  etched  crystals  and  some  agglomerates. 
Sample  P-21.     Cold  stannous  chloride  added  to  an  excess  of 
ammonium  hydroxide,  and  precipitate  not  washed.     HCl  added 
until  pH  was  3  and  mixture  heated.     Conversion  completed  in 
14  minutes.     Product  consisted  of  small,  four  point  stars 
with  ragged  edges.     Appeared  dull  black-brown  in  color. 
Sam.ple  P-22.     Cold  stannous  chloride  added  to  an  excess  of 
ammonium  hydroxide  and  the  precipitate  washed  by  decantation 
until  peptization  occurred.     Sodium,  carbonate  added  to  naJ^e  a 
"6%  solution  and  mixture  heated.     Conversion  completed  in  12 
m.inutes.     Product  consisted  of  larn:e,   square,  tabular  crystals 
with  truncate  edges  and  corners.     Some  interpenetrating  growths 
and  some  crystals  etched. 

Sample  P->;5.     Cold  stannous  chloride  added  to  an  excess  of 
am-m.onium  hydroxide  and  the  precipitate  v/ashed  by  decatatlon 
until  peptization  occurred.     Sodium  hydroxide  added  until  pH 
was  13  and  m.ixture  heated.     Conversion  com.pleted  in  27  m.inutes. 
Product  consisted  of  large,   sauare,   tabular  crystals  v/ith 
truncated  edges  and  corners.  Most  large  crystals  had  others 
growing  from  surfaces. 
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Sample  ?-:A,     Cold  stannous  chloride  added  to  an  excess  of 
ammonium  hydroxide  and  the  preci  )itate  v;ashed  by  decantation 
until  peptization  occurred.     Sodium,  hydroxide  added  until  pH 
was  9.     80%  conversion  on  heating  for  240  minutes.  Product 
consisted  of  m.edium  size  square  and  octagonal  tabular  crystals 
mdxed  v/ith  white  hydroxide.     Iv.'any  agglom.erates.     This  sample 
v/as  not  analyzed. 

Sam^ple  P-25.     Cold  stannous  chloride  solution  added  to  an 
excess  of  ammonium  hydroxide  and  the  precipitate  was  washed 
until  peptization  occurred,     pH  adjusted  to  5  with  hydro- 
chloric acid  and  mixture  heated.     Conversion  was  completed  in 
50  minutes.     Product  consisted  of  small  individual,  square 
crystals.     Appeared  lustrous  blue-black, 

Samiple  P-2b,     Cold  stsnnous  chloride  solution  added  to  an 
excess  of  ammonium  hydroxide  and  the  precipitate  was  washed 
until  the  pH  was  V,     Peptization  did  not  occur.  Hydrochloric 
acid  was  added  till  pH  was  5  and  m.ixture  heated.  Conversion 
completed  within  b5  miinutes.     Product  consisted  of  individual 
small  square,  clear  brown  crystals.     Sample  P-26  was  prepared 
in  a  five  liter  flask  using  200  grams  of  CP.   stannous  chloride. 

It  is  seen  that  the  use  of  sodium,  carbonate  as  a  precipi- 
tant is  not  to  be  recomjr.ended  since  it  yieled  less  pure  samples 
in  every  c;ise.     The  m^ethod  of  treating  washed  hydrated  stannous 
oxide  with  either  a  slight  excess  of  HCl  or  a  larger  amount 
of  NaOH  gLive  a  good  product.     The  use  of  sodium,  hydroxide  in 
slight  excess  v/ithout  washing  the  hydrate  previously  also  gave 
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a  good  product.     The  yield  of  oxide  v;as  less  v/hen  sodium  hy- 
droxide was  used  due  to  the  high  solubility  of  stannous  oxide 
in  solutions  of  pH  13.     This  is  one  disadvantage,  but  is  off- 
set by  the  tirr^e  saved  in  not  having  to  v/ash  the  hydrate  in 
this  rethod.     The  tin  is  recoverable  from  the  residual  sol- 
utions as  stannous  oxide  by  adding  acid  until  the  pH  is  about 
5  and  heating,  although  the  product  is  not  likely  to  be  very 
pure. 
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Table  XXVo lodimetric  Analysis  of  Purest  Samples  of 

Stannous  Oxide,    Hydrochloric  Acid  Solutions 


Sample 

Weight 

Volume 

E'ormality 

No. 

ITo. 

Sample 

Iodine 

Iodine 

^  SnO 

P-6 

1 

0.4080 

44.09 

0.1362 

99.13 

2 

0.4897 

53.00 

0.1362 

99.30 

P-7 

1 

0,5195 

56.33 

0.1362 

99.47 

a 

2 

0.4195 

45.45 

0.1362 

99.40 

2 

0.4844 

52.53 

0.1S62 

99.49 

4 

0.3491 

40.82 

0.1261 

99.28 

5 

0.4640 

54.31 

0,1261 

99.40 

6 

0,3202 

37.42 

0,1261 

99.25 

7 

0.3522 

41.22 

0.1261 

99.39 

P-8 

1 

0,5281 

57.31 

0,1362 

99.56 

2 

0,4642 

50.67 

0,1362 

100.95 

U, 3955 

43.01 

0,lo62 

99 . 52 

4 

0,3193 

37.20 

0,1264 

99.19 

5 

0,3109 

36.23 

0,1264 

9  9  •  22 

o 

42.  53 

0, 1264 

99 . 25 

7 

0.3827 

44.65 

0,1264 

99.33 

•1 
1 

U. 2yU4 

3^.55 

U,1300 

98.14 

2 

0.3139 

35.25 

0.1300 

98.33 

P-10 

1 

0.4904 

55.15 

0,1300 

98.47 

2 

0.3321 

37.34 

0.1300 

98.45 

p-11 

1 

0.3513 

39.76 

0.1300 

99.10 

2 

0.3580 

40.51 

0.1300 

99.08 

P-12 

1 

0.3230 

35.65 

0.1299 

96.64 

2 

0.3239 

35 . 74 

0.1299 

96.53 

O 

Co . 

n    T  C  AH 

Q  A  KQ 

y  D .  oy 

4 

0.3279 

37.33 

0.1200 

96.61 

JC  —  ±C 

u . ooov 

/  'X  no 
4o  •  Uo 

Q  Q  At 

yo.4i 

2 

0.3581 

(40.33) 

0.1299 

(98.61) 

X  "ire 

1 

JL 

AO  A"^ 
'±c,»  OO 

QQ  no 

2 

0.4019 

45.46 

0.1299 

98.97 

P-15 

1 

0.3110 

35.16 

0.1298 

98.83 

2 

0.4607 

52,19 

0.1298 

99.03 

P-16 

1 

0,3565 

40,41 

0.1298 

99.09 

2 

0,3837 

43.59 

0.1298 

99.31 

P-17 

1 

0.3469 

39.07 

0.1298 

98.47 

2 

0.3980 

44.96 

0.1298 

98.76 
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TableJL}^  continued. 


Sample 

V;eight 

Voliime 

Fomality 

fo  SnO 

No. 

Sample 

Iodine 

Iodine 

P-18 

1 

0.2850 

32.40 

0.1296 

99.24 

2 

0.2756 

32.22 

0.1261 

99.29 

Z 

0.3277 

38. 28 

0.1261 

99 . 20 

4 

0.3241 

39.06 

0,1261 

99. 29 

5 

0.3595 

41.97 

0.1261 

99.15 

P-19 

1 

0.3703 

42.10 

0.1296 

99.24 

2 

0.3436 

39.08 

0.1296 

99.28 

P-20 

1 

0.3827 

43.47 

0.1296 

99.15 

2 

0.4192 

47,63 

0.1296 

99.18 

3 

0.3004 

34.96 

0.1265 

99.15 

4 

0.3013 

35.08 

0.1265 

99.16 

5 

0.3586 

41.74 

0.1265 

99.19 

P-21 

1 

0.3520 

40.46 

0.1296 

97.55 

2 

0.3985 

44.51 

0.1296 

97.49 

P-E2 

1 

0 . 34  24 

38, 83 

0.1296 

98.99 

2 

0.4008 

45.49 

0.1296 

99.05 

a  rz 

x-2o 

1 

^9  •  62 

U.1260 

99.04 

2 

r\    T  o  c  n 
U. 3259 

3o.  U4 

U.1260 

99«44 

3 

U. 3224 

37  .  ol 

U.1255 

99.39 

4 

U. OOUU 

4U.  oo 

U. 12oO 

yy  •  Ol 

o 

U .4434 

OU.  51 

r\    T  Q  Q  c 
U.129o 

yy .  52 

/• 
0 

35.  2^ 

y  y  •  o<d 

P-25 

1 

0.4S32 

50.65 

0.1265 

99,53 

2 

0.4966 

58.11 

0.1265 

99.61 

o 

U. ooUU 

42. U  / 

QQ     A  Q 

yy  .40 

4 

0.4740 

55.34 

0,1265 

99.44 

5 

0.3438 

40.28 

0.1261 

99.50 

6 

0.4433 

51.99 

0.1261 

99.60 

7 

0.3641 

42.64 

0.1261 

99.47 

8 

0.4121 

48.32 

0.1261 

99.58 

a  -  Samples 

4-7 

titrated  2i 

months  after 

samples  1-3. 

"b  -  Samples  4-7 

titrated  2i- 

months  after 

samT)les  1-3. 
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TableXXVI,  lodimetrio  Analysis  of  Purest  Samples  of 

Stannous  Oxide.     Sodium  Citrate  Solutions. 


Sample 

Weight 

Volume 

formality 

fo  SnO 

Ko. 

Sample 

Iodine 

Iodine 

P-6 

1 

0.3148 

34.00 

0.1362 

99.09 

2 

0,4120 

44.51 

0.1562 

99.10 

3 

0.3782 

40.59 

0.1362 

98.49 

P-7 

1 

0,5063 

54.89 

0.1362 

99.46 

2 

0.3884 

42.02 

0.1362 

99.26 

O 

CD  ,  DO 

U . icoc 

yy .  do 

P-8 

1 

0.3492 

37.82 

0.1362 

99.41 

2 

U..5220 

3o.  o2 

U.1362 

99  .  61 

3 

0.5626 

61.04 

0.1362 

99,54 

p-y 

1 

U . 2y2U 

^3.  7o 

0 . 130U 

98.  29 

2 

0.5097 

57.26 

0.1300 

98.37 

P-10 

■I 

1 

U.347o 

39.10 

0. 1^00 

98,44 

2 

0.3505 

29.45 

0.1300 

98.55 

P-11 

1 

U. 2  lib 

U.13UU 

yy.  52 

2 

0.3042 

34.40 

0.1300 

99.02 

P-12 

1 

u.  x<cyy 

y  D .  oo 

2 

0.3366 

37.09 

0.1299 

96.40 

ir-lo 

n 
X 

n     O  DT  C 

U.  <^oXd 

OCT      £  Q 

ox .  oy 

u . i^yy 

yy  ,40 

2 

0.3792 

42.67 

0,1299 

98.45 

■p_T  A 

X 

^  C  .  5?X 

y  O  .  ^X 

2 

0,2906 

32.84 

0.1299 

98.88 

Jtr  — XO 

X 

OO  .  4t  C 

U . X  o 

^  O  .   i?  W 

2 

0,4853 

54.97 

0.1298 

99.02 

"D    T  C 

X 

u . ouuo 

•  XU 

U . X^f O 

y  J  .  XU 

2 

0.3497 

39.66 

0.1298 

99.14 

Jr—x  f 

X 

U  .  C     O  «7 

C^'a  a  a 

u . x^  ^  o 

Qft 
•7  O  . 

2 

0.3377 

38.10 

0.1298 

98.64 

P-18 

1 

0.36  35 

41.87 

0.1296 

99.18 

2 

0.3211 

36.49 

0.1296 

99.19 

P-19 

1 

0.2917 

33.16 

0.1296 

99.23 

2 

0.:i51 

35.79 

0.1296 

99.15 

P-20 

1 

0.4202 

47.71 

0.1296 

99.11 

2 

0.3478 

39.49 

0.1296 

99.11 
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Table  XXVI  continued. 


Sample 

Weight 

Volume 

Normality 

^  SnO 

Wo  - 

T  r>    i  T"  ft 

T  n    1  n  p 

P-21 

1 

0.5460 

38.60 

0.1296 

97.37 

2 

0.3572 

39.89 

0.1296 

97.47 

P-22 

1 

0.3S76 

38.22 

0.1296 

98.82 

1 

0.3388 

38.40 

0.1296 

98.93 

P-23 

1 

0,4563 

52.04 

0.1296 

99.55 

8 

0.4702 

63.58 

0.1296 

,  99.47 
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XXVII. 

G-ravimetric 
of  Stannous 

Analysis 
Oxide. 

of  Purest  Samples 

Sample 

Uo. 

y^eight 
Sample 

?/ eight 
Ignited 
Oxide 

fo  SnO 

P-7 

1 
2 

1.2009 
1.6585 

1.3431 
1.8525 

99.67 
99.66 

P-8 

1 
2 

1.3073 
1.2504 

1.4622 
1.3985 

99.73 
99.70 

P-9 

1 
Z 

1.1644 
1.4174 

1.2968 
1.5782 

95.71 
95.50 

P-10 

1 
2 

1.5240 
1.6023 

1.4771 
1.7873 

97.33 
97.19 

P-11 

1 
2 

1.2981 
1.0999 

1.4497 
1.3283 

98.31 
98.26 

P-18 

1 
2 

1.1239 
1.3107 

1.2475 
1.4549 

92.53 
92.61 

P-18 

1 
2 

1.0289 
1.9781 

1.1500 
1.0935 

99.06 
99.31 

P-19 

1 
2 

0.9879 
1.1845 

1.1043 
1.3242 

99.18 
99.23 

100. 


Talale  XXVIII.  Summary  Including  Method  of  Preparation, 
And  Analyses  of  Samples  of  Pure  stannous 
Oxide 


Sample         Method  of  Analysis  io  SnO 

No.         Preparation*      lodimetric    lodimetric  Gravimetric 

(HCl)  (citrate) 


P-6 

Method 
pH  5 

1, 

,  EGl, 

99.21 

99.10 

P-7 

Method 
pH  5 

1, 

HCl 

99.45 
99.33  a 

99.33 

99.66 

P-8 

Method 
pE  5 

1, 

HCl 

99.54 
99.25  b 

99.51 

99.71 

P-25 

Method 
pE  5 

1, 

,  KCl 

99.53 

P-El 

Method 
pE  3 

1, 

HCl 

97.52 

97.42 

P-22 

Method 
pE  11 

1, 

la2G02 

99.02 

98.87 

P-23 

Method 
pE  13 

2. 

NaOH 

99.50 

99.51 

P-18 

Method  2, 
pE  atove 

IJaOE 
10 

99.23 

99.19 

99.18 

P-19 

Method 
pE  13 

2, 

KaOE 

99.26 

99.19 

99.20 

P-20 

Metnod 
pE  12 

2, 

HaOH 

99.17 

99.11 

P-9 

Method 

2, 

ITa2C05 

98.24 

98.33 

95.60 

P-10 

Method 

2, 

l^TagCO^ 

98.46 

98.49 

97.26 

P-11 

Method 

2, 

ITagCOg 

99.09 

99.02 

98.28 

P-12 

Method 

2 , 

IfagCOg 

96.59 

96.49 

92.57 

P-13 

Method 

2, 

EagCOg 

98.41 

98.45 

P-14 

Method 

2, 

IfagCOg 

99.00 

98.90 
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Table    XXVIII  continued. 


Sample 


Method  of 
Preparation* 


Analysis  %  SnO 
lodimetric    lodimetric  Grravimetric 
(ECl)  (citrate) 


P-15 


Method  2,  ICagCO^ 


98.92 


98.96 


P-16 


Method  2.  KgCOg 


99.20 


99.12 


P-17 


Method  2,  ITapCO 


98.61 


98.58 


^Method  1.    Hydrate  precipitated  by  adding  ammonia. 
It  is  then  washed  and  heated  witn  acid  or  base. 
Method  2.    Hydrate  preciiDitated  with  excess  base 
and  heated  v/ithout  wasning. 

a.  Samples  titrated  2-s  months  after  preparation. 

b.  Samples  titrated  2^  months  after  preparation. 
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DEUSITY  OF  STAITIIOUS  OXIDE 

A  survey  of  the  literature  on  the  density  of  stannous 

oxide  snows  a  wide  discrepancy  in  the  values  reported. 

TableXXIX  shows  the  results  of  these  determinations.     It  is 

probable  that  6.51  as  determined  by  X-ray  measurements  is 

very  near  the  correct  one  aiid  this  value  has  been  obtained 

1,2 

by  two  separate  investigators.        Only  in  two  cases  does  the 
reported  density  exceed  this  value  and  one  of  these  was  de- 
termined  on  a  "grey-oxide" • 

Table  XXIX.       Density  of  Stannous  Oxide 


Reported  By 

3 

Berzelius  . 

ITordenskyoeld 

Ditte^ 

Ditte^ 

Ditteg 

Ditteg 

Ditte^ 

6 

Straumanis  &  Strenk. 
V/eiser  and  Ililligan 
Levi  2 


Density 

Remarks 

6.666 

grey  oxide 

6.04 

6.600 

black  crystals 

6.225 

blue-violet 

6.108 

dark  green  compact 

5.980 

dark  green  voluminous 

6.446 

blue-violet  heated 

to  210° 

6.392 

blue  black  crystals 

6.51 

x-ray  method 

6.52 

x-ray  method 

1.  Weiser,  H.  B.,  Milligan,  V/.  0.,  J.  Phys.  Ghera. ,  26,  2029. 
(1922). 

2.  Levi,  G.  R.  Euovo  Cimento,  1,  525,  (1924). 

2.  Berzelius,  Ann.  Ghim.  Phys.,   (l)  87,  50  (1812). 

4.  Kordenskjoeld,  A.  E. ,  J.  pr.  Chem.   11)  85,  422  (1862). 

5.  Ditte,  A.,  Ann.  Chim.  Phys.,   (5)  27,  145  (1882), 

6.  Straumanis,  i:. ,  Strenk,  C,  Z.  anorg.  allg.  Chem.  212, 
201  (1932). 
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The  experiments  on  the  preparation  of  the  oxide  shov/ed 
that  the  apparent  density,  that  is,  the  volume  occupied  by 
a  gram  of  the  oxide  was  different  for  samples  prepared  under 
different  methods.     To  find  out  if  there  was  any  difference 
in  density,  as  well  as  to  get  additional  information  to 
supplement  that  in  Table XXIX  a  series  of  density  determina- 
tions were  m.ade.     The  first  determinations  were  made  with  a 
50  ml.  capacity  pycnometer  v/ith  a  thermometer  for  a  stop-oer 
and  a  capillary  side  arm.     This  was  found  to  be  too  bulky 
and  a  25  ml.  capacity  pycnometer  was  then  tried.     It  was  more 
convenient,  but  for  small  samples  it  was  necessary  to  use  a 
smaller  instrument.    A  pycnometer  of  about  7  ml.  capacity 
was  desierned  with  a  capillary  side  arm  on  which  a  mark  was 
made  for  adjusting  the  volume  with  a  capillary  pipette.  The 
side  arm  was  enlarged  just  above  the  mark  in  order  to  take 
care  of  the  exrpansion  of  the  liquid  after  adjusting  to  con- 
stant temperature  and  allowing  to  stand  to  reach  room  tem- 
perature.    The  plug  was  solid  and  ground  to  fit  closely. 
Caps  were  provided  to  cover  the  plug  and  the  end  of  the  cap- 
illary arm.     This  reduced  the  evaporation  to  a  minimum.  The 
pycnometer  is  sho\m  in  Figure  11  • 

Two  liquids  were  used  for  the    density  determinations 
in  order  to  check  the  results  obtained  by  each  and  to  elim- 
inate any  incor sistancies  due  to  solvation,  etc.,  which 
might  take  place.     The  liquids  used  were  distilled  water 
and  ethylene  dibromide,  C2H4Br2«     The  latter  was  fraction- 
ated and  the  fraction  boiling  at  131-122°  was  used.  Its 


Figure  11.     Seven  I\'l.  Pycnometer  (Enlarged) 
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density  was  checked  with  a  Sprengel  type  pycnometer  cali- 
brated with  "boiled  out  distilled  water. 

The  procedure  followed  was  to  add  the  sample  to  a 
weighed,  tared  pycnometer,  and  weigh  again  to  get  the  weight 
of  stannous  oxide  added,    A  few  milliliters  of  liquid  v/ere 
added  and  the  pycnometer  placed  inside  a  dessicator  which 
was  then  evacuated  with  a  wetter  pump,    ixfter  "boiling  for 
about  20  minutes  the  pycnometer  was  filled  completely  with 
liquid  and  the  evacuation  continued  for  some  time  more.  The 
pycnometer  was  then  removed,  the  plug  inserted  tightly  and 
the  whole  immersed  in  a  thermostat  which  was  just  below 
20,0°C,     The  temperature  was  allowed  to  rise  over  a  period 

0 

of  about  20  to  60  minutes  to  20.0  ,  and  at  this  point  the 
meniscus  was  adjusted  to  the  mark  and  the  pycnometer  removed. 
It  was  wiped  with  a  cloth  moistened  with  alcohol  and  hung 
in  the  balance  case  for  twenty  minutes  to  come  to  equili- 
brium.    The  tare  was  also  wiped  v/ith  the  damp  cloth  and 
placed  in  the  balance  case.     The  pycnometer  was  calibrated 
in  a  similar  manner  using  distilled  water. 

Table   XXK  shows  the  results  obtained  with  several 
samples  using  water  as  the  liquid.     The  source  is  indicated 
and  pertinent  data  is  given.     The  determinations  v/ere  gener- 
ally consistent  Wiiere  duplicates  were  run.     The  results 
show  a  general  tendency  toward  an  increase  of  density  with 
increased  purity  of  the  stannous  oxide.     This  is  probably 
due  to  a  strong  absortjtion  of  air  by  the  semi-porous  coating 
of  stannic  oxide  on  the  less  pure  cr^'stals. 
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Table  XXXI  gives  the  results  obtained  by  using  pure 
ethylene  dibromide  as  the  liquid.     The  results  are  somewhat 
erretic  and  are  lower  than  for  the  corresponding  samples 
using  water.     This  may  be  accounted  for  by  the  relatively 
high  rate  of  evaporation  of  ethylene  dibromide  at  room  temp- 
erature and  the  difficulty  of  making  it  boil  under  the  re- 
duced pressure  obtainable  with  a  water  pump. 
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THE  STABILITY  OF  STAI^-JOUS  OXIDE  IN  AIR 

The  stability  of  stannous  oxide  is  of  interest  from 
the  fact  that  the  stannous  ion  is  very  active  in  its  ability 
to  reduce  other  substances.     It  might  be  expected  to  be 
oxidized  by  the  atmosphere  more  readily  than  it  is, 
especially  on  heating  to  higher  temperatures.     To  determ- 
ine at  which  temperature  the  oxidation  v/as  first  notice- 
able and  to  what  extent  it  occurred,  samples  were  heated 
.   in  air  at  various  temperatures.     The  effects  of  heating 
in  an  inert  atmosphere  were  not  tested  since  it  was 
necessary  to  have  only  the  information  on  the  action 
of  atmospheric  oxygen  at  elevated  temperatures.  Find 
and  Mantell-'-  studied  the  oxidation  in  air  and  in  a 
nitrogen  atmosphere;  385*^  was  found  to  be  the  temp- 
erature at  which  thermal  decomposition  takes  place  in 
the  latter.    At  235°  in  moist  air  stannous  oxide  was 
found  to  be  instaneously  oxidizable  and  above  240°  it 
was  readily  changed  to  stannic  oxide  in  dry  or  moist 
air.     Grepaz  ^  found  that  decomposition  sets  in  in  an 
inert  atmosphere  at  about  370°.     The  reaction  is 

2  SnO    =    Sn  +  SnOg  . 
Keysselitz  and  Kolilmeyer^  studied  the  decomposition  in 

1,  Fink,  C.G.,  Mantell , C , L , ,  J.  Phys.  Chem,  32,103  (1928) 

2,  Grepaz,  E.,  Atti  ist.  veneto  sci.,  95,11,  445  (1936) 

3,  Keysselitz,  B.,  Kohlmeyer,  E.J.,  Ivletall  u.  Erz,  30,  185 

(1933) 
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an  inert  atmosphere  ajid  concluded  that  decomposition  is 
is  small  belav   540*^  G.,  and  found  that  small  droplets  of 
tin  began  to  appear  at  that  temperature. 

The  oxidation  of  stannous  oxide  Mas  studied  quantita- 
tively by  heating  approximately  one  gram  samples  at  the 
desired  temperature  for  a  period  of  time  and  analyzing 
the  resulting  product.    At  first  it  v/as  thought  that  the 
rate  of  oxidation  could  be  follov/ed  by  weighing  the  sample 
at  intervals  but  this  method  was  foimd  very  unsatisfactory 
because  the  ratio  of  SnO  to  SnOg  is  only  1.1188.  For 
example,  if  a  1.0000  gram  sample  of  stannous  is  oxidized 
1%  it  would  then  weigh  1.0012  grams,  or  a  gain  of  1.1  mg. 
This  change  would  be  difficult  to  follow  accurately  if  it 
occurred  over  a  long  period  of  time.     The  final  analysis 
was  made  by  dissolving  the  sample,  and  titrating  with 
iodine  solution.     This  method  is  capable  of  higher  accur- 
acy than  weighing  the  oxide. 

The  apparatus  used  consisted  of  two  ovens.     The  first 
was  a  laboratory  oven.     Its  temperature  was  regulated  be- 
tween 110^  and  150°  depending  on  the  need.     The  oven  was 
heated  for  about  seven  or  eight  hours  each  day  exclusive 
of  Sunday  and  was  turned  off  overnight.     The  samples 
treated  in  this  oven  were  v/eighed  out  into  glass  v/eighing 
bottles  without  covers  and  these  in  turn  were  kept  in  a 
beaker  which  was  covered  v/ith  a  watch  glass  to  prevent 
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contamination  by  foreign  material. 

The  second  was  a  small  electrically  heated  oven  v/hich 
could  be  heated  to  300°;  its  temperature  v/as  steady  to  5 
to  IP  degrees.     Samples  in  this  oven  were  heated  continuously 
for  the  desired  period  so  that  oxidation  was  regular.  They 
v/ere  contained  in  porcelain  crucibles  placed  on  racks.  The 
oven  is  shown  in  the  diagram  in  figure  12, 

A  series  of  samples  v/as  heated  at  110°  -  150'-*  in 
the  laboratory  oven  for  a  total  of  about  520  hours  over 
a  period  of  85  days.    The  results  of  this  heating  at  in- 
tervals given  in  Table  XXXI ,    Two  more  samples  were 
heated  at  120°  in  this  oven  for  25  hours  and  another 
sample  was  heated  for  40  hours  at  120°-150O.  These 
samples  were  not  weighed  to  note  any  gain  dxiring  the 
heating. 

A  second  series  of  samples  was  heated  continuously 
for  450  hours  at  1950-205^^  in  the  small  oven.     The  weights 
observed  at  intervals  are  given  in  TableXXXII ,     A  third 
series  was  heated  for  108  hours  continuously  at  250°  and 
only  two  weighings  were  made  during  the  progress  of  the 
heating.     They  are  given  in  Table  XXXIII,   In  each  table 
the  analyses  of  both  the  original  and  final  products 
are  given.     There  is  some  discrepancy  in  some  of  the 
determinations,  probably  because  of  improper  mixing  of 
the  sample,    V^here  this  is  the  case  the  average  is  given 


Thermometer 


Figure  12.      Improvised  High  Temperature  Oven, 
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since  some  parts  of  the  sample  were  probably  oxidized  more 
rapidly  than  others. 

Pour  samples  were  heated  in  the  small  oven  at  150° 
to  determine  any  oxidization  at  that  temperature,  Tlie 
analyses  or  these  samples  are  given  in  Table  XXXIU, 

The  samples  were  analyzed  by  dissolving  in  one 
molar  hydrochloric  acid,  heat  being  applied  if  necessary 
to  effect  the  dissolution.     To  the  cooled  solutions  20  ml, 
of  sodium  citrate  solution  (150  grams  per  liter),  and  IM 
sodivim  hydroxide  solution  were  added  until  the  pH  was  about 
4,    The  resulting  solutions  v/ere  titrated  with  iodine  using 
starch  as  an  indicator.     A  discussion  is  found  elsewhere 
in  this  dissertation,'""    Tables    XXXV-  XXXVIII  give  the  data 
respective  to  the  analysis  of  the  samples  heated  at  the 
various  temperatiires  as  v/ell  as  the  analyses  of  the  origi- 
nal samples • 

Table  XXXI il.  Oxidation  of  Anhydrous  Stannous  Oxide  at  250°  C. 

P-5  Baicer's    Baker  »s  P-2-A 

v?4335  -^71538 

Weight  of  sample  0.7792  1.0567  1.0808  0.7334 

Heated: 

4  days  0.7788  1.0571  1.0801  0.7343 

9  days  0.7794  1.0585  1.0809  0.7556 

The  results  obtained  in  the  tests  on  the  stability 

of  stannous  oxide  are  summarized  in  Table  XXXLX.  Tliis 


""Appendix  II 
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information  shows  that  the  oxidation  of  stannous  oxide  was 
appreciable  over  extended  periods  at  temperatures  from 
110-150°,     For  periods  of  25-40  hours  at  the  same  tem- 
peratures there  was  no  appreciable  oxidation.     The  oxida- 
tion increases  rapidly  above  150*^  and  it  is  safe  to  say 
that  stannous  oxide  should  not  be  heated  above  this  tem- 
perature for  more  than  very  short  periods  if  oxidation  is 
not  desired.     It  is  interesting  to  note  that  at  250°  not 
one  of  the  samples  tested  ignited  or  oxidized  very  rapidly, 
even  though  the  humidity  v/as  moderate  to  high  during  part 
of  the  period  of  heating,     'Phis  is  not  in  accord  v/ith  the 
information  given  by  Finlc  and  Mantell-'-,  but  may  be  partially 
due  to  the  purity  of  the  samples.     It  v/as  observed  that 
oxidation  proceeded  with  the  foraiation  of  a  sliell  of  stannic 
oxide  about  the  crystal  and  with  the  less  pure  samples 
this  shell  was  already  present  and  would  hinder  rapid 
oxidation,     Tlie  test  at  250°  v/as  not  repeated  v/ith  a 
freshly  prepared  sample  to  prove  or  disprove  the  obser- 
vations of  Fink  and  Mantell-^, 

It  v/as  noted  in  the  analysis  of  the  samples  that 
generally  the  more  the  sample  had  been  oxidized  the 
greater  the  difficulty  in  dissolving  it,  even  in  hot 
one  molar  hydrochloric  acid.    Microscopic  examination 
Fink,C.,  Mantell,G.  J,  Phys .  Ghem.  32,  103  (1928) 
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was  made  of  some  of  these  samples  before  dissolving  and  they 
compared  to  the  appearance  of  the  original.     There  was  no 
noticeable  difference  in  the  crystals  in  their  color  or 
in  their  luster.     After  treatment  with  acid,  however, 
there  was  a  replica  of  the  original  crystal  in  a  dense, 
white,  opaque  material,  probably  stannic  oxide.  The 
stannic  oxide  had  formed  a  very  thin,  non-visible  layer 
over  the  darker  stannous  oxide  which  prevented  rapid 
solution  in  the  acid  (freshly  prepared  stannous  oxide  is 
readily  soluble  in  cold  IM  HCl).     The  formation  of  this 
oxide  layer  explains  the  relative  stability  of  stannous 
oxide  under  normal  conditions  as  it  prevents  access  of 
air  to  the  fresh  crystal  surface  where  it  miglit  cause 
further  oxidation. 

"ilxamination  of  the  summarized  data  in  Table  XXXIX  shows 
that  the  samples  which  v/ere  powdered  by  grinding  before 
being  heated  oxidized  to  a  much  greater  extent  than  the 
corresponding  crystalline  material.     This  is  additional 
proof  that  the  oxidation  takes  place  on  the  surface  of 
the  crystal  since  the  powder  furnishes  a  much  larger 
surface  area.     The  conclusion  may  be  drawn  at  once  that 
it  is  advisable  to  store  stannous  oxide  in  its  crystal- 
line form  rather  than  to  break  it  dov/n  into  smaller  par- 
ticles by  grinding,  and  not  to  grind  it  before  heating 
if  oxidation  is  to  be  held  to  a  minimum.     (It  is  seldom 
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necessary  to  grind  tJie  oxide  before  use  since  the  crystals 
are  relatively  small — about  0,01  to  0,05  mm.  square). 
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Table  XXXIV. 

Analysis  of  E 

jamnles  Heated 

for  25  to  40 

Hours 

t.t  120' 

^  to  150°C. 

i 

Sample  TTo. 

Weight 

V olume 

Fomality 

SnO 

Temp.  Time 

Ho. 

Sample 

Iodine 

Iodine 

P-6 

1 

0.2700 

32.61 

0.1220 

99.24 

25  hrs  at 

2 

0,3143 

37.92 

0.1220 

99,14 

120" 

3 

0.2922 

35.33 

0.1220 

99.35 

4 

0.3543 

42.85 

0.1220 

99,37 

P-7 

1 

0.40S4 

48.84 

0.1220 

99,48 

25  hrs  at 

2 

0.4720 

57.14 

0.1220 

99.47 

120° 

3 

0.3062 

57.07 

0.1220 

99.47 

4 

0.4364 

52.88 

0.1220 

99.56 

Baker  *s 

1 

0.4029 

44.31 

0.1301 

96.36 

4235,  v/ashed 

2 

0.3637 

40.05 

0.1301 

96.49 

40  hrs.  at 

120^-150° 

P-12 

1 

0.4063 

45 . 77 

0.1266 

96.05 

40  hrs.  at 

2 

O.I^AVl 

39.09 

0.1266 

96.03 

150° 

3 

0.3550 

39.98 

0.1266 

96.02 

P-lo 

1 

0.3711 

4^ .  24 

r\   T  o  c  c 

u .1206 

99.35 

40  hrs.  at 

2 

0.4748 

55.33 

0.1266 

99.36 

150° 

0.3921 

45.71 

0.1266 

99.41 

P-17 

1 

0.3646 

42.27 

0.1266 

98.85 

40  hrs.  at 

2 

0.3638 

42.17 

0.1266 

98.83 

160° 

2 

0.2964 

34.37 

0.1266 

98.87 

P-20 

1 

0.3807 

44.26 

0.1266 

99.13 

40  hrs.  at 

2 

0.3387 

39.42 

0.1266 

99.24 

150^ 

3 

0.4239 

49.34 

0.1266 

99.24 
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Table    x:\XV.      Analysis  of  Samples  Heated  for  320  Hours 
at  110°-1500C. 


Sample 

Weight 

Volume 

]?ormality 

fo  SnO 

Sarrnl  e 

Tod  in  e 

Iodine 

0.27 

1 

0.3536 

36.92 

0.1362 

95.78 

2 

0.3386 

35.38 

0.1362 

95.85 

0.66 

1 

0.4714 

50.86 

0.1362 

98.97 

8 

0.4687 

50.51 

0.1362 

98.84 

P-2-A 

1 

0.3305 

33.75 

0.1363 

93.67 

2 

0.4066 

41.48 

0.1363 

93.58 

P-4-A 

1 

0.4600 

(49.3) 

0.1362 

2 

0.6534 

69.10 

0.1362 

97.01 

P-5 

1 

0.3998 

48.02 

0.1220 

98.68 

2 

0.4100 

49.22 

0.1220 

98.64 

Baker 's 

1 

0.4402 

50.87 

0.1220 

94.95 

4335 

2 

0.4301 

49.66 

0.1220 

94.87 

Baker  *s 

1 

0.4205 

45.22 

0.1220 

88.36 

71538 

2 

0.4189 

45.05 

0.1220 

83.36 

Coleman 

1 

0.2698 

31.12 

0.1220 

94.78 

&  Bell 

2 

0.33  3 

38.18 

0.1220 

94.69 

321015 

(   )     approximate  value. 


Table   XXXVI.     Analysis  of  Samiiles  Heated  for  450  Hours 

at  1950-205  . 


Sample 

Weight 

Volume 

Jlormality 

fo  SnO 

TTo. 

¥.0. 

Sample 

Iodine 

lod  ine 

0.27 

1 

0.3623 

40.65 

0.1219 

92.21 

2 

0.4683 

53.13 

0.1219 

93.15 

0-66 

1 

0.2767 

52.58 

0.1219 

96.73 

2 

0.4723 

55.69 

0.1219 

96.81 

P-2-A 

1 

0.3314 

37.11 

0.1219 

91.94 

2 

0.4019 

44.87 

0.1219 

91.67 

P-2-A 

1 

0.3839 

41.30 

0.1219 

8S.37 

Powder 

2 

0.4166 

44.83 

0.1219 

88.35 
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Table  XXXVI.  continued. 


Sarrole 

Weight 

Volume 

Formality 

fo  SnO 

ITo. 

Ko. 

Sample 

Iodine 

Iodine 

P-5 

1 

0,2975 

35.52 

0.1219 

98.02 

crystals 

2 

0.4966 

59.49 

0.1219 

98.35 

P-5 

1 

0.4541 

5S.94 

0.1219 

97.52 

powder 

2 

0.4069 

48.04 

0.1219 

96.93 

Baker  *s 

1 

0.3604 

38.46 

0.1301 

93.81 

71538 

2 

0.3511 

57.24 

0.1301 

92.94 

Baker 

1 

0.5295 

54.80 

0.1301 

90.68 

71538 

2 

0.4233 

43.63 

0.1301 

90.31 

powder 


Table    XXXVII.  Analysis  of  Samples  Heatea  for  108  Hours 

at  250°C. 


Sample 

Weight 

Volume 

Formality 

fo  SnO 

Fo. 

ITo. 

Sample 

Iodine 

Iodine 

P-2-A 

1 

0.4157 

42.05 

0.1301 

88.64 

2 

0.3056 

30,50 

0.1301 

87.45 

P-5 

1 

0.3731 

41.09 

0.1301 

96.50 

2 

0.3766 

(41,44) 

0.1301 

(96.44) 

Baker 's 

1 

0.3838 

40,28 

0.1301 

90.76 

4335 

2 

0.6472 

66.72 

0.1301 

90.33 

washed 

Baker  *s 

1 

0.4857 

f49.25) 

0.1501 

(88.9) 

71538 

0.5276 

(54.16) 

0.1301 

(89.9) 

washed 


(approximate  value) 


I 


r 
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Table  XXXVIII.  Analysis  of  Original  Samples  Used  in 

Testing  the  Thermal  Stability  of 
Anhydrous  Stannous  Oxide. 


Sample 

Weight 

Volume 

Formality 

fo  SnO 

Ko. 

ITo. 

Sample 

Iodine 

Iodine 

0-27 

1 

0.3671 

43.05 

0.1220 

96.56 

2^ 

0.5502 

42.26 

0.1220 

96.40 

0-66 

1 

0.2998 

36.02 

0.1220 

98.78 

2 

0.2987 

35.91 

0.1220 

98.78 

rr 
C 

U . oUOO 

U . i^bU 

y  o.  ,51 

4 

0.3318 

38.52 

0.1260 

98.54 

P-2-A 

1 

0.2020 

25.13 

0.1220 

94.09 

2 

0.2646 

30.52 

0.1220 

94.15 

P-4-A 

1 

0.3909 

46.48 

0.1220 

97.70 

2 

0. 2691 

4:/j  .  86 

0.1220 

97.  64 

P-5 

1 

0.3066 

35.03 

0.1363 

98.90 

2 

0.2846 

50.68 

0.1565 

98.95 

P-6 

1 

0.3148 

54- .  00 

0.1562 

99.09 

2 

0.4120 

44.51 

0.1562 

99.10 

3 

0.3782 

40. 59 

0.1iji62 

98.49 

4 

0.4538 

(46.93) 

0.1562 

(99.25) 

5 

0.4080 

44.09 

0.1562 

99.13 

6 

0.4897 

53.00 

0.1362 

99.30 

P-7 

1 

0.5063 

54.89 

0.1562 

99.46 

2 

0.3884 

42.02 

0.1362 

99.26 

rr 
O 

n    "7  CQ  Q 

u .  o^iy  y 

oc  . oo 

U  .  X%)Od 

y  y .  c,o 

4 

0.5195 

56.33 

0.1562 

99.57 

5 

0.4195 

45.45 

0.1362 

99.40 

6 

0.4844 

52.53 

0.1362 

99.49 

P-12 

1 

0.5734 

41.22 

0.1299 

96.58 

2 

0.5S66 

37.09 

0.1299 

96.40 

3 

0,5230 

35.65 

0.1299 

96.64 

4 

0.5259 

35.74 

0.1299 

96.53 

5 

0.2916 

38.19 

0.1260 

96.59 

6 

0.5279 

37.33 

0.1260 

96.61 

P-16 

1 

0.3008 

34.10 

0.1298 

99.10 

2 

0.3497 

39.66 

0.1298 

99.14 

3 

0.3565 

40.41 

0.1298 

99.09 

4 

0.3837 

45.59 

0.1298 

99.31 
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Table    XXXVIII , continued. 


Sample 

Weight 

Volume 

Tormality 

yo  bnu 

i>l  0  . 

i\  0  • 

o  aTTip  1  e 

100  me 

i  ociine 

P-17 

1 

0.2969 

55.46 

0.1298 

98.52 

2 

0.5577 

58.10 

0.1298 

98.64 

Z 

0.5469 

39.07 

0.1298 

98.47 

A/5    Q  A 
ft^  •  1/  D 

D    1  OQft 
U • O 

Q  P  7A 
v  O  »  1  0 

P-20 

1 

0.3004 

34.96 

0.1265 

99.15 

s 

0.5015 

35.08 

0.1265 

99.16 

0.3586 

41.74 

0.1265 

99.19 

Baker  *s 

1 

0.4906 

55.84 

0.1220 

95.52 

4535 

2 

0.5718 

43.09 

0.1220 

95.23 

0.4288 

w  •  X       w  \/ 

4 

0.332 

37.36 

0.1260 

95.21 

1 

■4- 

0.5047 

"^5-56 

0.1  '^01 

96.4fi 

4555 

2 

0.5728 

41.01 

0.1301 

96.39 

washed 

3 

0.4584 

50.49 

0.1501 

96.51 

4 

0.2SS8 

29.29 

0.1584 

96.34 

5 

0.5870 

39.96 

0.1584 

96.38 

6 

0.2947 

30.59 

0.1584 

96.26 

7 

0.2867 

29.61 

0.1584 

96.40 

Baker  *s 

1 

0.4715 

51.01 

0.1220 

88.90 

71538 

2 

0.4568 

47.12 

0.1220 

88.64 

Baker 's 

1 

0.4654 

50.26 

0.1501 

95.03 

71558 

2 

0.5228 

56.53 

0.1301 

94.75 

washed 

3 

0.2541 

25.85 

0.1584 

94.90 

4 

0.4254 

43.30 

0.1584 

94.88 

5 

0.2816 

28.63 

0.1584 

94.76 

6 

0.1281 

13.03 

0.1384 

94.79 

Coleman 

1 

0.3557 

41.16 

0.1220 

95.62 

&  Bell 

2 

0.2498 

29.06 

0.1220 

95.59 

321015 


(   )  approximate  value 
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THE  CRYSTAL  PROPERTIES  OF  STANNOUS  OXIDE 

A  few  investlp-ntor s  have  described  the  crystal  structure 

of  stannous  oxide.     Varenne"^  found  the  crystals  produced  by 

boiling  stannous  salts  v/ith  an  excess  of  potassium  cyanide 

were  small  cubes  or  solid  pyrmaids  forriied  by  union  of  the 

2 

cubes  or  regular  octahedrons.  Pink  and  Ivlantell    described  the 
crystals  as  ,iet  black,  belonging  to  the  regular  systen.  The 
black  pov/der  obtained  by  treating  stannous  hydroxide  with  pot- 
assium hydroxide  consisted  of  small  cubes  with  truncated  cor- 
ners  and  edges  according  to  Nordensk j oeld  .     In  transmitted 
light  they  were  brown  and  transparent  and  did  not  polarize 

lip-ht;     hence  they  belonged  to  the  regular  system.  Straumanis 
4 

and  Strenk    describe  the  crystals  prepared  in  nearly  neutral 
solutions  as  large  or  smiall,  flat,  four-sided  crystals,  whose 
upoer  surfaces  reflected  light  strongly  and  gave  a  character- 
istic blue-black,  lustrous  color.     This  regular  form  disappea'P- 
ed  when  it  was  prepared  in  an  acidic  or  basic  solution.  They 
found  the  color  was  connected  with  the  extent  to  v/hich  the 
outer  surface  was  etched.     Often  v/hen  the  oxide  was  prepared 
in  strongly  acid  or  alkaline  solutions  they  obtained  ball- 
shaped  structures  with  a  fractured  surface  which  presented  a 

1.  Varenne,  L.  ,  Comiot  rend."i  89,  560  llH\'9) 

2.  Fink,  G.G.  ,  Iviontell,  C.L.,  J.   Phys.  Chem.  ,  o2,  103  (192b) 

3.  Nordenskjoeld,  A.E.  ,  Oeffers  of.   J-\k&d,  Foerhandl.    (IBbO)  439 

4.  Straum.anis,       ,  Strenk,  C,  Z.   anorg.   allg.   Chem.  213, 
301  (1933) 
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brown  to  black  apoearance.  The  oxide  prepared  by  decomposition 
of  stannous  oxalate  presented  a  very  Irrejyular  surface. 

The  structure  of  stannous  oxide  is  reported  by  Levi"^  and 
others'^* to  face  centered  tetragonal.     This  v/as  determined 
by  x-ray  studies.     The  structure  of  stannous  oxide  prepared 
by  heating*  stannous  oxalate  had  the  same  structure  as  that 
produced  by  crystallization  from  water  solutions.  Straumanis 
and  Strenk     investigated  various  colored  samples  of  stannous 
oxide  and  found  that  all  had  the  same  Debye-Scherrer  diagram-s. 
It  vms  apDarent  that  the  color  m.ust  be  due  to  some  external 
characteristic  rather  than  difference  in  internal  structure. 
The  latter  investigators  attributed  it  to  the  surface  condi- 
tion of  the  crystals,  but  they  did  not  apoear  to  recognize  the 
effect  of  thickness  of  the  crystals  and  possible  internal  re- 
flection on  the  color. 

Several  hundred  samples  of  stannous  oxide  were  examined 
r.'icroscopically  in  the  present  investigation,  Theproperties 
observed  were  color,  form,   size  and  ability  to  polarize  light. 
It  was  found  that  the  general  character  of  all  of  the  samples 
were  the  sam.e  with  few  exc options.     The  color  depended  on  the 
thickness  of  the  crystal  and  varied  from,  pale  yellov/  in  very 
thin  crystals  through  shades  of  brown  and  black  to  opaaue  in 
the  thicker  ones.     The  form  end  size  were  found  to  be  governed 
by  the  presence  of  foreign  ion,  the  tem.perature,  and  the  hydro- 

T,     Levi,  G.R.,  Nuovo  Gim^ento  1,  19'J4 )        "  ' 

2.  Weiser,  H.B,,  Mllligan,  T^T/vO,  ,  Phys.  Chem.   36,  5039  (1932) 

3.  Straur.anis,  I',,  Strenk,  C,  Z.   anorg.   allg.   Chem.  213 
301,  (1933) 


125. 


pen  ion  concentration. 

The  most  prominent  of  the  structures  observed  was  the 
basal  section  of  a  doubly  truncated  tetr a,n;onal  bi-pyraniid. 
It  did  not  polarize  light  when  lyin^  flat  and  this  indicated 
that  the  oxes  Derpendicular  to  the  light  beam  were  of  eoual 
len/2:th.     The  synetrical  souare  outline  also  suggested  that 
the  oxes  in  the  plane  of  the  basal  section  were  of  equal 
len/'th  and  were  at  right  angles.     The  cross  section  of  the 
crystal  v/as  an  elona-ated  hezagon.     The  angle  between  the  slop- 
ing edge  and  the  basal  plane  v/as  roughly  60°  -'/0°.  Apparatus 
was  not  available  for  accurate  measurement  of  any  of  the  cry- 
stal angles  so  the  exact  crystal  structure  can  not  be  defined 
from  these  observations. 

In  acid  solutions  i:he  formation  of  many  nuclei  and  rapid 
deposition  of  the  oxide  were  favored.     At  pH  3  the  oxide 
formed  as  relarively  sm.r.ll,  dendritic  crystals,  usually  tend- 
ing toward  a  four-point  star  shape  with  jagged  edges.  This 
type  of  crystal  is  shov/n  in  Figure  13.     liVhen  the  temperature 
was  lower  more  even  development  of  the  crystals  took  place. 
They  then  formed  as  very  thin  plates  of  Dale  yellow  color  and 
were  often  agglomerated  into  opaque,  radial  clusters  or  balls. 
The  individual  crystals  have  a  decided,  lustrous,  gold-brovm. 
color  when  observed  with  the  unaided  eye.     Figure  14  shows 
som.e  of  these  ball-shaped  crystals  which  were  produced  in 
acetic  acid  solution  at  55°  0.     At  pH  the  crystals  are  form.ed 
slowly  enough  to  :-^ive  almost  perfectly  sauajre,  tabular  crystals 
which  are  thicker  than  those  formed  at  lo\rfer  hydrogen  ion 


Figure  13 .     (Sample  249)     Stannous  Oxide  from  Stannous 
Hydroxide  Precipitated  with  a  Deficiency  of  Sodium  Hydrox- 
and  Boiled  for  15  minutes.    pH  2-3 •  lOOx. 


Figure  l4.     (Sample  245)     Stannous  Oxide  from  Stannous 
Hydroxide  heated  for  3  days  at  55*^  with  a  Solution  of 
G-lacial  Acetic  Acid  Previously  Saturated  v/itn  Stannous 
Oxide.     100  x. 
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concentrations.     Pip^re  15  illustrates  the  type  of  crystal 
obtained  at  pii  6.     The  crystals  were  light  yellow  to  medium 
brown  color. 

Hydrogen  concentrations  of  pH  6-9  did  not  favor  the 
formation  of  the  oxide  and  crystals  deposited  from  solutions 
of  pH  S-9  were  often  acicular  and  polarized  light.  Perhaps 
this  was  due  to  the  very  slov;  rate  of  deposition  vi/hich  allowed 
the  crystal  to  grow  alonp-  the  axis  nerDendicular  to  the  square 
face. 

Aq  increase  of  the  rate  of  deposition  of  the  oxide  was 
observed  as  the  pH  of  the  solution  v/as  raised  above  10.  The 
crystals  were  usually  a  little  larger  than  those  formed  in 
acid  solutions  and  there  v;ere  fewer  of  them.     They  were  simi- 
lar in  structure,  being  truncated  bi-pyramids  in  both  cases. 
Ihey  were  highly  reflective  and  apoeared  metallic  in  luster. 
The  crystals  often  occurred  in  small  agglomerates  or  as  inter- 
penetrating growths  of  two  to  four  crystals,  each  beine  v>/ell 
developed.     The  sauare  form,  was  often  altered  som.ewhat  by  the 
form.ation  of  truncated  corners.     Som.e  of  these  t:^^3es  of  cry- 
stals are  shown  in  Figure  16. 

Som.e  interesting  crystals  were  formed  when  a  strong 
potass5-um-  hydroxide  solution  from  which  stannous  oxide  had 
been  deposited  was  cooled.  Thin,  yellow,   square  plates  show- 
ing interference  rings  were  Drom.inent,  and  indicating  that 
the  faces  of  the  crystal  were  not  exactly  parallel.     a  photo- 
graph of  these  crystals  is  shown  in  Figure  17. 


Figure  15.  '  (Sample  210)  Stannous  Oxide  from  Stannous 
Hydroxide  Heated  for  55  minutes  at  100-  in  very  Dilute 
Hydrochloric  Acid.     pH  5»     ^30  x. 


Figure  l6.     (Sample  197)     Stannous  Oxide  from  Stannous 
Hydroxide  Boiled* with  0.01  M  Sodium  Bicarbonate  for  105 
minutes.     Vertical  Illumination,  100  x. 


hi  , 
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Figure  17.     (Sample  0-48)     Stannous  Oxide  from  Stannous 
Hydroxide  Boiled  with  Excess  Potassium  Hydroxide  for  4 
Minutes,  then  Cooled.     pH  13+.     100  x. 


Figure  18.     (Sample  )3:>o ;     Stannous  Oxide  from  Stannous 
Hydroxide  Precipitated  with  Excess  Sodium  Hydroxide  in  the 
Presence  of  0.01  M  zinc  ion  and  Heated  at  100°  for  lo5  min. 
100  x. 


Figure  19.     (Sample  115)     Stannous  Oxide  from  Stannous 
Hydroxide  Heated  in  0.1  M  Potassium  Chloride  at  55**  for 
10  days.     pH  5.     100  x. 


Figure  20.     (Sample  121)     Stannous  Oxide  from  Stannous 
Hydroxide  Heated  in  a  Saturated  Solution  of  Ammonium 
Chloride  for  30  days  at  55°.     100  x. 


Figure  21.     (Setraple  0-39)     Stannous  Oxide  from  Stannous 
Hydroxide  Precipitated  with  an  Excess  of  Ammoniuni  Hydrox- 
ide and  Boiled  until  Converted,     pH  4-5.     430  x. 


Figure  22.     (Sample  l69"B)     Stannous  wA±ue  ix-um  stannous 
Hydroxide  in  0.001  M  Sodium  Nitrate  Heated  at  55°  for  one 
Month.     pH  6.     430  X. 


Figure  23,     ^ Sample  55)    Stannous  Oxide  from  Stannous 
Hydroxide  Heated  in  0.01  M  Sodium  Oxalate  at  55°  for  10 
Days.     pH  6.     100  x. 


Figure  24,  (Sample  211)  Stannous  Oxide  from  Stannous 
Hydroxide  Heated  in  0.01  M  Thorium  Nitrate  at  100°  for 
4o  minutes.    430  x. 


a  -  transmitted  light.     100  x. 


b  -  polarized  light.  100 
Figure  25.     (Sample  358)     Stannous  Oxide  from  Stannous 
Hydroxide  Precipitated  in  the  Presence  of  0.01  M  Cadmium 
ion  and  boiled  for  100**  for  120  Minutes.    pH  10. 
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It  was  f'^und  that  foreign  substances,  Dartlcul:irly  in 
inoderate  to  hifh  concentrations  often  caused  the  crystal  form 
to  be  altered.     Four-point  stars,   saw-toothed  blades,  irregu- 
lar dendrites  and  crystals  of  no  particular  form  were  observed. 
These  may  be  accounted  for  on  the  basis  of  hindrance  of  the 

crystal  formation,  and  in  some  cases  by  the  formation  of  m.ixed 
1 

crystals  .     Som.e  of  the  typical  results  are  shown  in  Figures 
lb  to  2d,     One  interesting  crystal  formation  was  observed  when 
stannous  hydroxide  v/as  heated  in  the  presence  of  0.01  Ivi  thor- 
ium  nitrate  at  pPI  4-5.     Long,  thin,   straw  colored  crystals 
were  produced  which  were  oriented  into  a  square  shape.  The 
crystals  are  shov.Ti  in  Fi.gure  24.   These  crystals  v/ere  isotrooic. 
Anisotropism , 

The  occurence  of  anisotropism  or  double  refraction  is 
to  be  expected  in  crystals  of  stannous  oxide  if  the  structure 
is  tetrahedral.     It  should  be  observed  when  the  crystal  is 
placed  with  its  long  ax:is  perpendicular  to  a  beam  of  polarized 
light  and  the  crystal  should  exhibit  Darallel  extinction  in 
this  position, 

Anisotropism  had  not  been  observed  in  stannous  oxide  pro- 
bably because  the  usual  crystals  are  basal  section.     In  a  flat 
position  the  axes  wich  lie  in  the  basal  plane  are  of  equal 
length  and  the  light  is  refracted  equally  in  both  directions. 
Wien  the  crystal  is  stood  on  edf';e  it  is  too  thick  for  the 
light  to  penetrate  and  hence  no  double  refraction  is  observable. 

1.     Hayek , .  I :  on  a  t's^  bo,  19'/  (19.55)  reported  mixed  crystals 

of  stannous  oxide  containino:  Pb,  Mn,  Fe,  Zn,  Cd  and  Ca,  but 
could  not  prepare  sam.oles  containing  Co,  Ni,  Iv:g,  Sr,  and  Ba. 
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Stannous  oxide  is  1  sornorphous  with  tetrap-onal  lead  mon- 
1 

oxide  .     Lead  r<onoxide  also  can  exist  as  a  rhombic  crystal 
and  it  is  possible  that  such  a  crystal  type  may  exist  with 
stannous  oxide  under  the  proper  conditions.     Common  crystals 
were  not  rhombic  since  the  basal  sections  did  not  polarize 
light.     The  crystals  in  which  polarization  was  observed  were 
all  elonp:ated  and  it  was  imipossible  to  examine  them  in  more 
than  one  plane.     One  cannot  state  definitely  on  the  evidence 
found  that  the  latter  are  or  are  not  rhom.bic. 

iLxamiination  of  the  data  in  lable  XL  on  the  preparation 
of  the  crystals  v/hich  polarized  light  shows  that  nearly  every 
one  of  them,  was  prepared  in  a  solution  v/hose  hydrogen  ion 
concentration  v;as  about  pH  8,     As  was  pointed  out  previously 
crystal  developm.ent  is  slow  in  slightly  basic  solutions  and 
this  m.ay  account    for  the  growth  alonp-  the  third  axis,  i-hoto- 
micpographs  of  som.e  of  these  samples  are  shown  in  Figures  25 
to  30.     The  structural  types  mentioned  are  readily  apparent 
from,  these  pictures.     it  is  interesting  to  note  the  acicular 
crystal  growths  on  the  faces  of  one  of  the  common  crystals 
in  Figure  26a.     This  evidence  of  the  structural  similarity  of 
the  acicular  and  regular  crystals.     Several  of  these  were 
noticed  and  two  more  are  shov/n  in  Figure  2db. 

The  structure  of  the  accicular  crystals  in  i'igures  2y, 
29  and  50  is  apr^arently  tabular.     oome  of  the  crystal 
bundles  of  Sample  -  43  ^Figure  27 )  v;ere  crushed  gently  and 
Tl     Levi,  G,R.  r~Kuovcr  Cimiento  1,   335  ^1924) 
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Figure  26     (Sample  l47).     Stannous  Oxide  from  Sta^nnous 
»   Hydroxide  in  0.01  M  Potassium  Hydroxide  heated  at  55**  for 
1  Month.     pH  8. 
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Table  XL.         Preparation  of  Anisotropic  Crystals  of 
Stannous  Oxide. 


Sample 
No. 


kicroscopic  Description 


Hydrate  pH 

treated 

with 


Reaction 

time, 

temp. 


140  Opaoue,   truncated  bi-pyr- 

amids  s;r owing  end  to  end. 
Few  have  needle  crystals 
growing  from  them. 
Parallel  extinction 


Na2B40  V 
0.01  M 


51  days, 
55°C. 


141-A      Bundles  of  acicular  cry- 
stals v/hich  are  redium. 
clear  brovm  at  ends.  Par- 
allel extinction.  Associ- 
ated with  regular  type 
crystals. 


Na^GOg 


8 


51  days 


147  Many  small  tetrahedral  bi- 

pyramids,   som_e  growing 
from  faces  of  large  reg- 
ular truncated  portions. 
Other  large  truncated 
crystals.     Parallel  ext. 


KOH 


31  days 
65°C. 


169-B  Contains  some  bundles  of 
acicul:ir  crystals  assos. 
v/ith  dendritic  crystals. 
Parallel  extiction. 


NaNO^  V 
0.001  M 


31  days 
55°C. 


320  Bundles  of  acicular  cry- 

stals v/ith  parallel  extinc- 
tion 


NaOH 


155  Iv^in. 
100°C. 


343  Bundles  of  acicular  cry- 

stals with  parallel  extinc- 
tion.    Appear  banded  per- 
endicular  to  lenp-th. 


Na^B^O^  10 


180  min. 
lOO^C. 


9-10        Flat  acicular  crystals 
growing  fror:^  central 
particle.     Nearly  opaque, 
parallel  extinction. 


NaOH        8-9         425  days 


5     C  . 
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examined.     It  was  found  that  the  fragments  were  flat  and  often 
rectangular  in  shape.     They  refracted  light  and  exhibited 
parallel  extinction.     The  crystals  in  Sample  9-10  ^ Table  XL) 
also  consisted  of  flat  elongated  grov/th  originating  from  a 
central  particle. 

The  crystals  in  Samole  343  were  tested  for  the  presence  of 
boron"^  by  dissolving  them,  in  hydrochloric  acid,  evaporating 
to  dryness  with  concentrated  nitric  acid  .-^nd  treating  the 
residue  with  calcium,  flouride  and  sulfuric  acid.     The  mixture 
was  held  in  a  loop  of  chrom_el  v/ire  at  the  edge  of  a  flam.e.  A 
green  color  imiparted  to  the  flame  when  boron  tri-flouride  is 
present  was  not  observed.     ±his  was  expected  because  of  the 
similarity  of  the  crystals  produced  in  both  borate  and  carbon- 
ate solutions;     this  v/ould  not  be  likely  if  the  structure  of 
the  crystals  was  due  to  the  presence  of  borate. 

From  the  evidence  presented  above  it  apuears  that  the 
anisotropism  was  observed  because  of  development  of  the  cry- 
stal along  its  third  axis.     j.t  does  not  aooear  that  any  of 
the  crystals  belonp;  to  the  rhombic  system.     The  studies  support 
the  conclusions  from;  x-ray  mieasur em.ents  that  the  cryst;.l  struc- 
ture is  tetrahedral. 

1.     liogness,  T.R.,  Johnson,  W.C.,  (:^alitative  Analysis  and 
chemical  Eouilibrium,  Henry  Holt  &•  Co.,  N.Y.  ,  L940.  p  349 


a  -  transmitted  light,     100  x. 


b  -  reflected  light.     100  x. 

Figure  27 •   (Sample  3^3)    Stannous  Oxide  from  Stannous 
Hydroxide  in  0.001  M  sodium  tetraborate  heated  at  ioo** 
for  180  Minutes.     pH  *  10. 


Figure  28.     (Sample  l4o)     Stannous  Oxide  from  Stannous 
Hydroxide  in  0.01  M  sodium  tetraborate  heated  at  55°  C. 
for  1  Month.     pH  7.     100  x. 

Figure  29     (Sample  320).     Stannous  Oxide  from  StsJinous 
Hydroxide  Heated  in  Excess  Sodium  Hydroxide  at  100°C  for 
200  minutes.     100  x. 


Figure  30.     (Sample  l4l-A)     Stannous  Oxide  from  Stannous 
Hydroxide  in  C.Ol  M  sodium  Carbonate  Heated  at  55**  C.  for 
one  month.     pH  8.     100  X. 
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SUMMARY 

The  effect  of  the  hydrogen  ion  concentration  of  the 
solution  in  which  a  suspension  of  stannous  hydroxide  was 
converted  to  the  oxide  was  studied.     It  is  a  very  import- 
ant factor  in  the  preparation  of  the  oxide  from  the  hydrox- 
ide. 

It  v/as  found  that  the  temperature  should  be  relatively 
high  for  rapid  conversion  of  the  hydroxide  to  the  oxide. 
Sunlight  was  observed  to  cause  a  darkening  of  the  hydroxide 
v/ith  probable  formation  of  the  oxide.     n  study  of  the  form- 
ation of  the  oxide  in  the  presence  of  various  foreign  sub- 
stances shov/ed  them,  to  be  detrimental  to  the  formiation  of 
good  crystals. 

Attempts  to  prepare  the  oxide  from  organic  solutions  of 
stannous  chloride  and  sodium,  hydroxide  v/ere  unsuccessful. 

A  theory  to  account  for  the  m^echanism  of  the  transform.- 
ation  of  stannous  hydroxide  to  stannous  oxide  was  proposed. 

On  the  basis  of  the  studies  of  the  factors  which  in- 
fluence the  formation  of  the  oxide  from  the  hydroxide  a 
method  for  the  Dreparation  of  the  pure  oxide  was  developed. 
A  99.5%  pure  oxide  was  obtained. 

'rhe  density  of  stannous  oxide  v/as  determined  by  the 
pycnometric  method  to  be  o.-35.     The  oxide  was  found  to  be 
stable  on  heating  in  air  at  150°C.  for  40  hours  or  m.ore. 


132. 


At  hip.her  temperatures  or  over  lone:  periods  of  heatinp  slow 
oxidation  occurred. 

The  crystal  properties  of  several  hundred  specimens  of 
stannous  oxide  were  exaii:ined  microscopically.     The  most 
commonly  occurine:  form  ohseved  v;as  the  center  basal  section 
of  a  doubly  truncated  tetragonal  bi-pyramld.  Anisotropism 
was  observed  in  several  acicular  specim.ens.     The  evidence 
indicates  that  the  crystals  belong  to  the  tetragonal  system. 
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ANHYDROUS  STANNOUS  OXIDK  AS  A  PRIMARY  STAl-IDARD 
IN  ANALYTICAL  CHEMISTRY 

Introduction:     (Qualifications  of  a 
Primary  Standard 

The  qualifications  of  a  primary  standard  substance 
are  necessarily  very  high  since  it  is  upon  these  qual- 
ities that  the  accuracy  of  'many  operations  in  quantita- 
tive analysis  is  based,  particularly  in  volutnetric  anal- 
ysis.    Vogel-*-  lists  the  requirements  of  a  primary  stand- 
ard as  follavs: 

"1.  It  must  be  easy  to  obtain,  to  purify,  to  dry 
(preferably  at  110^-120°  C.),  and  to  preserve  in  a 
pure  state.     (This  requirement  is  not  usually  met 
by  hydrated  substances  since  it  is  difficult  to  re- 
move sui-'face  moisture  completely  v/ithout  effecting  par^ 
tial  decomposition, ) 

"2,     It  should  not  be  hygroscopic,  but  should  be 
unalterable  in  air  during  weighing. 

"3,     Tlie  substance  should  be  ca^jable  of  being 
tested  for  impiirities  by  qualitative  tests  of  known 
sensitivity,     (The  total  amount  of  impurities  should 
not,  in  general,  exceed  0,01-0,02  per  cent.) 

"4,  It  should  have  a  high  equivalent  v/eight  so 
that  the  weighing  errors  may  be  negligible,  (The 
precision  in  weighing  is  ordinarily  0,1-0,2  mg,; 
for  an  accuracy  of  1  part  in  1,000  it  is  necessary 
to  employ  samples  weighing  at  least  ca,  0.2  G, ) 

"5,  The  substance  should  be  readily  soluble  under 
the  conditions  in  which  it  is  employed. 

"6,  The  reaction  v/ith  the  standard  solution  should 
be  stoichiometric  and  practically  instantaneous. 
The  titration  error  should  be  negligible,  or  easy  to 
determine  by  experiment." 

The  difficulty  of  meeting  these  stringent  requirements 
generally  necessitates  a  compromise  on  some  of  the  points 
mentioned. 

1,  Vogel,  A.I.,  Quantitative  Inorganic  ilnalYsis.  Longmans, 
Green  o:  Co.,  N.  Y.,  1939,  pp.  56-57 
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Stannous  Oxide  as  a  Primary  Standard 
Preparation  and  purity 

Anhydrous  stannous  oxide  meets  the  requirements  or 
a  primary  standard  in  most  every  point.     It  is  easy  to 
obtain.     It  must  be  prepared,  however,  from  purified 
materials  since  it  cannot  be  further  purified  once  it 
is  in  the  oxide  form.    Tests  have  shown  that  it  is  stable 
and  remains  pure  for  a  lon.g  time.    Tests  on  the  stability 
were  presented  in  a  previous  section. 

Stannous  oxide  is  capable  of  being  tested  for  im- 
purities by  luethods  of  knov/n  sensitivity.     It  is  suggest- 
ed that  the  tests  for  impurities  follov/  those  given  by 
Roslnl  for  reagent  quality  stannous  chloride.  These 
tests  consist  of  the  determination  of  the  assay,  and 
impurities  such  as  iron,  arsenic,  lead,  copper,  chloride, 
and  sulfate. 

Hygroscopicity 

The  hygroscopicity  was  tested  by  heating  samples  of 

the  oxide  v/eighing  bottles  130°  to  140°  C,  cooling  in  a 

dessicator  containing  sulfuric  acid  and  v/eighing.  The 

tares  consisted  of  weighing  bottles  which  were  treated  the 

same  as  the  seaaples.    After  v/eighing  they  v/ere  placed  into 

a  hygrostat  containing  water,  allowed  to  stand  for  a  period 

1,  Rosin,  G.,  Reagent  Chemicals  and  standards ,  D,  van  Wos- 
trand  Co.,  Inc.,  N.Y,  1937,  pp.  434-5. 
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of  time  at  roora  temperature  and  again  weighed  to  determine 
how  much  water  had  been  absorbed.     This  process  was  repeated 
several  times,  allowing  different  adsorption  times  in  the 
hygrostat.     Table  XLI  gives  the  results  of  this  experiment. 
It  is  seen  that  stannous  oxide  is  not  appreciably  hygroscopic 
and  that  it  may  be  weighed  without  interference  from  this 
source . 


Table  XLI.   Tests  on  the  Hygroscopicity  of  Stannous  Oxide. 

'"'Sajiiple  Number  and  V/eight 


1 

2 

3 

4 

5 

6 

Weight 

sample 

2.4784 

1.2671 

1.1988 

1.3818 

1.3295 

1.2518 

Sample 

treated 

for: 

1  hr. 

at  140° 

2.4782 

1.2672 

1.1086 

1.3817 

1.3295 

1.2518 

1  lir. 

in  hyg. 

2.4785 

1.2671 

1.1089 

1.3818 

1.3295 

1.2520 

1  hr. 

at  130° 

2.4784 

1.2672 

1.1087 

1.3818 

1.3296 

1.2517 

14  lir. 

in  hyg. 

2.4786 

1.2671 

1.1094 

1.3821 

1.5295 

1.2519 

1  hr. 

at  130° 

2.4784 

1.2671 

1.1094 

1.3818 

1.3295 

1.2519 

5  hrs . 

in  hyg. 

2.4787 

1.2673 

1.1098 

1.3822 

1.3295 

1.2521 

16  hrs 

.  at  130O2.4784 

1.2672 

1.1099 

1.5818 

1.3295 

1.2520 

i  hr. 

in  hyg. 

2.4786 

1.2672 

1.1100 

36  hrs 

.  in  hyg 

.2.4789 

1.2672 

1.1106 

1.5823 

1.3296 

1.2521 

1  hr. 

at  140° 

2,4785 

1.2671 

1.1100 

1.3819 

1.3296 

1.2520 

''^1,  99.1:^  SnO,  fine  crystals 

2.  99.5^  SnO,  coarse  crystals 

5.  97.8^  SnO,  very  fine  crystals 

4.  98.6^  SnO,  very  fine  crystals 

5.  99.1^  SnO,  fine  crystals 

6.  98.8^  SnO,  very  fine  crystals 

Equivalent  weight 

Stannous  oxide  is  comparable  ¥/lth  other  primary 
standards  in  regard  to  its  equivalent  v/eight. 
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The  equivalent  weights  of  some  of  the  usual  primary  standard 
substances  are  given  in  Table  XLII  .    The  equivalent  weight 
of  stannous  oxide  is  SnO/2  =  67.35,  its  half  reaction  being 

SnO  +  2H     =    Sn     +  HoO  +  2e  • 

Table  XLII  .    Equivalent  V/eights  of  Some  Common  Primary 
Standard  Substances, 


Substance 

Equivalent 

Equivalent 

We  ight 

Redox: 

KgCrgOY 

K2Cr207/6 

49.04 

Na2C204 

Na2C204/2 

67.00 

KIO5 

KIO5/6 

35.67 

KBrOs 

llBrO^/e 

27.84 

I2/2 

126.92 

AS2O3 

AS2O3/4 

49.47 

Pe 

Pe/1 

55.84 

Acid-Base: 

KagCOg 

Na2C03/2 

53.00 

Na2B407.10H20 

Na2B40Y.10H20/2 

190.72 

H2G2O4.2H2O 

H2G2O4.2H2O/2 

63.02 

KHC8H4O4 

iaiC8H404/l 

204.14 

Precipitation: 

Ag 

Ag/1 

107.88 

AgHOs 

AglTO^/i 

169.89 

NaCl 

NaCl/1 

58.45 
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Examin^.tion  of  the  table  shows  that  of  the  redox  stand- 
ards Stannous  Oxide  is  exceeded  only  by  iodine  in  eouivalent 
weight,   and  th.-'t  sodium     oxalate  is  very  nearly  the  same# 
All  of  the  rest  are  lov/er.     Prom  this  point  of  viev/  stannous 
oxide  is  therefore  a  very  desireuble  standard.     A  weighing 
error  of  0.1-0.2  mf^.  may  be  allov;ed  for  a  precision  of  one 
part  per  thousand  since  a  0.25  to  0.3  gram  sample  would  be 
used  for  the  usual  standardization  of  0.1  N  oxidizing  solu- 
tion. 

Reduction  Potential. 

Stannous  solutions  are  very  powerful  reducing  agents. 
Their  reducing  pov/er  is  exceeded  by      few  reagents,  most 
used  of  which  are  titanous  and  chrom.ous  solutions. 

Due  to  the  relatively  low  oxidizing  potential  solutions 
of  stannous  oxide  can  be  used  to  reduce  most  of  the  cori.mon 
oxidizinf-  reagents.     This  misices  stennous  oxide  very  useful 
as  a  prim.ary  standard  since  it  is  so  versatile.     Its  great- 
est disadvantage  is  that  its  solutions  ere  readily  oxidized 
by  atm.ospheric  oxygen  and  must  be  carefully  protected  from, 
the  action  of  the  latter. 

Solubility 

Stannous  oxide  is  readily  soluble  in  dilute  acids. 
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It  is  less  soluble  in  bases  of  corresponding  strengths. 
A  qualitative  test  of  the  solubility  in  various  reagents 
is  given  in  Table  XLIU.  The  table  gives  data  for  pure 
stannous  oxide. 


Table  XLIIX. 

Solubilit^^'- 

of  Anliydrous 

V/  -U 

Some 

Cormnon  Reagents 

• 

neagenii 

r\  1  T..T 

0 .  5M 

l.OM 

0  •  Uivi 

lOM 

Concen' 

trated 

HCl 

cold 

♦ 

+ 

+ 

hot 

* 

-*> 

cold 

hot 

r 

r 

r 

s-r 

s-r 

H2SO4 

cold 

f 

hot 

f 

+• 

HC2H3O2 

cold 

3 

hot 

s 

s 

NaOH 

cold 

hot 

KOH 

cold 

s 

hot 

*■ 

*• 

'"'      soluble  s  slightly  soluble 

-  insoluble  r  reacts  yielding  stannic  acid 


The  solubility  was  determined  by  treating  approximate- 
ly 20  Eig.  samples  with  20  ml,  of  the  reagent.     The  samples 
treated  with  the  cold  reagent  were  allowed  to  stand  for 
one-half  hour  with  occassional  shaking.     The  other  sam- 
ples were  heated  with  the  reagent  about  five  minutes  at 
100°  C,     Slight  solubility  v/as  tested  by  adding  a  few 
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drops  of  sodium  sulfide  solution  to  the  faintly  acidified 
solution.     The  amount  of  brown  stannous  sulfide  formed  was 
teiken  as  an  indication  of  the  solubility. 

The  value  of  stannous  oxide  as  a  primary  standard 
can  be  summed  up  in  a  few  sentences  on  the  advantages  and 
disadvantages  of  its  use. 

Advantages : 

1.  It  is  fairly  easy  to  prepare. 

2.  It  is  easily  tested  for  its  assay  and  impurities, 
5.  It  is  practically  non-hygroscopic, 

4,  Its  equivalent  weight  is  relatively  high, 

5,  It  is  non-volatile  and  unreactive  in  air, 

6,  It  may  be  heated  up  to  150°  C.  v/hen  drying. 

7,  Its  solutions  are  powerful  reducing  agents  and 
hence  it  can  be  used  for  standardizing  most 
oxidizing  solutions. 

8,  Its  solutions  are  colorless  and  do  not  interfere 
with  the  color  of  the  indicator. 

Disadvantages : 

1.  Its  purity  is  not  yet  quite  as  high  as  is  desire- 
able. 

2.  It  is  readily  soluble  only  in  hydrochloric  acid. 
5.  Its  solutions  are  readily  oxidized  by  atmospheric 

oxygen,  and  must  be  protected  from  the  same. 
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STAITDAHDIZATIOF  OF  SOI.IE  OXIDIZIFG  SOLUTIONS 

Iodine  Solutione 
The  staij.dardization  of  iodine  solutions  using  stannous 
oxide  once  its  purity  has  "been  determined  is,  of  course, 
possible.     The  use  of  stannous  o^^ide  as  a  standard  will  be 
of  greatest  value  where  the  iodine  solutions  are  to  be  used 
in  the  volumetric  deteinination  of  tin.    Any  errors  inher- 
ent in  the  method  will  be  lesser. ed  by  the  use  of  this  stan- 
dard.    This  will  be  Darticularly  true  where  the  iodine 

1 

solution  contains  dissolved  oxygen.     Okell  and  Lurnsden 
found  that  O.llT  iodine  solutions  which  have  not  been  freed 
from  dissolved  oxygen  may  cause  errors  of  as  high  as  when 
they  are  used  to  titrate  tin  solutions.     Thej''  recommend  that 
the  solutions  be  prepared  from  boiled  water  and  stored  under 
an  inert  atmosphere,    Por  some  purposes  this  may  not  be 
practical  and  the  titration  error  will  be  lessened  when  the 
solution  is  standardized  with  stannous  oxide. 


1.     Okell,  F.  L.,  Lumsden,  J.,  Analyst  60,  803  fl9S5). 
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Potaesium  Permangsnate  Solutions 

Solutions  of  stannous  salts  in  hydrochloric  acid  may 
be  titrated  with  potassium  permanganate.'''    Any  of  the  usual 
oxidation-reduction  indicators  may  be  used,  such  as  0-phen- 
anthroline-f errous  (ferroin),  diphenylamine,  diphenyl  ben- 
zidine, sodium  diphenylamine  sulphonate,  etc.     The  color  of 
excess  oermanganate  also  nay  be  used  as  an  indication  of  the 
reaction.     In  any  case  black  correction  should  be  applied. 

The  reaction  of  stannous  and  permanganate  ions  is  rapid 
in  hydrochloric  acid  solutions  and  the  formation  of  chlorine 
is  not  induced.     Sulfuric  acid  solutions  are  not  practical 
since  basic  tin  sulfates  form  as  the  oxidation  proceeds. 

Approximately  O.llT  permanganate  solutions  were  prepared 
by  dissolving  reagent  qualitj^  lootaseium  permanganate  in  dis- 
tilled v/ater  (boiled  under  reduced  loressure  to  remove  the 
dissolved  oxygen).     It  was  allowed  to  stejid  for  tv/o  weeks 
and  then  filtered  to  remove  manganese  dioxide.    Fitrogen  was 
bubbled  through  the  solution  for  a  fev/  hours  and  it  was  then 
stored  under  this  gas.     The  solution  wac  removed  from  the 
storage  bottle  by  means  of  a  si-phon  provided  with  a  glass 
stopcock.     0-phenanthroline-f errous  indicator  was  used  in 
the  titrations. 

The  perm.anganate  solutions  were  stsmdardized  with  United 

States  Bureau  of  Standards  arsenous  oxide.     The  latter  was 

dried  one  hour  at  140°  C.  and  0.2  gram  samples  weighed  out 

Y,  Kolthoff,  I.  I',:..  Bandell.  £.  B.,  Textbook  of  Cuantitative 
Inorganic  i'malysis.  The  IvIacHillan  Co.,  i  .  Y.  ,  19.7,  p.  567. 
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into  250  ml.  Erlenraeyer  flasks.     20  ml.  of  a  li'  sodium  hyd- 
roxide solution  v/ere  added  and  after  the  arsenous  oxide  had 
dissolved  20  ml.  of  1:1  hydrochloric  acid  ".vas  adcied  and  the 
solution  diluted  to  75  ml.    A  drop  of  0.002511  potassium  iodate 
was  added  as  a  catalyst  and  one  drop  of  ferroin  as  the  indi- 
cator.    The  titration  was  made  at  room  temperature,  the  fading 
of  the  orange  color  of  the  indicator  to  a  pale  blue  being 
taken  as  the  end  point. 

The  permanganate  solutions  v/ere  standardized  with  stan- 
nous oxide  by  the  following  method.     The  stannous  oxide  v;as 

0 

dried  for  one  hour  at  140  C.  and  samples  of  0.3  gram  were 
weighed  out  into  250  ml.  flasks.     Air  was  removed  by  adding 
15  ml.  of  water  and  heating  to  boiling,  then  cooling  in  a 
rapid  stream  of  nitrogen.     The  latter  was  passed  into  the 
flask  through  a  tube  extending  through  a  t'.vo  hole  stiioper  to 
the  bottom  of  the  flask.     The  other  hole  of  the  stopper  v;as 
enlarged  to  permit  the  entrance  of  a  burette  tip  and  allov/ 
the  gas  to  exit  at  the  same  time.     50  ml.  of  IM  hydrochloric 
acid  v:ere  added  to  dissolve  the  sample  and  one  drop  of  ferroin 
indicator  added.     The  burette  tip  was  inserted  and  permangan- 
ate added  ujitil  the  orange  color  disappeared.     The  reaction 
v/as  rapid  and  the  end  point  was  sharp.    A  stream  of  nitrogen 
was  passed  through  the  flask  all  during  the  titration. 

The  results  of  the  standardization  of  the  solution  using 
arsenous  oxide  and  stannous  oxide  are  summarized  in  Table  XLVI. 
Tables  XLIV  and  XLV     give  the  detailed  data  obtained  in  the 
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standardization  of  the  permanganate  solution.  Sam-oles  1  and 
2  in  Tatle  XLIV  were  titrated  ei2;iit  da^s  "before  samnles  3-6. 


Table  XLIV.  Standardization  of  an  O.III  Potassitun 
Perman{^anage  Solution  L'sing  Arsenous 
Oxide  (99.97^^  pure)  . 


Volume  of 

ITormality  of 

Temper- 

Y/eight of 

Permanganate 

Permanganate 

ature 

Solution 

Solution 

°C. 

1 

0.2431 

38.44 

0.1278 

25° 

2 

0.2649 

41.87 

0.1279 

25 

3 

0.2549 

40.53 

0.1271  a 

26 

0.2884 

45.62 

0.1278  a 

26 

5 

0.2594 

41.04 

0.1277  a 

26 

6 

0.2233 

35.35 

0.1277  a 

26 

a.  Samples 

titrated  eight 

days  after  Samples 

1  and  2. 

Ta"ble    XLV.         Standardization  of  a  O.IIT  potassium 

Permanganate  Solution  Using  Stannous  Oxide. 


Volume  of 

formality 

Sap:^ple 

Purity 

'.Teight 

Permanganate 

of 

Temp 

ro. 

'I'o  SnO 

ro. 

Sample 

Solution 

Solution 

P-7 

99.33 

1 

0.3918 

45.24 

0.1276 

27° 

2 

0.3S46 

38.57 

0.1279 

Tl 

3 

0.3581 

41.33 

0.1278 

tt 

4 

0.4080 

47.07 

0.1278 

tr 

P-8 

99.25 

1 

0.4036 

46.47 

0.1280 

26 

2 

0.3168 

36.50 

0.1279 

tt 

3 

0.3453 

39.75 

0.1280 

IT 

4 

0.3734 

43.05 

0.1278 

n 

P-20 

99.17 

1 

0.3496 

40.28 

0.1278 

27 

2 

0.3917 

45.11 

0.1279 

It 

3 

0.4471 

51.54 

0.1277 

It 

4 

0.3284 

37.85 

0.1278 

II 

P-23 

99.50 

1 

0.3428 

39.54 

0.1281 

27 

2 

0.3456 

39.87 

0.1231 

It 

3 

0.3079 

35.53 

0.1280 

It 

4 

0.3252 

37.51 

0.1281 

IT 

P-25 

99.53 

1 

0.3817 

44.05 

0.1280 

27 

2 

0,3525 

40.74 

0.1279 

n 

3 

0.4290 

49.58 

0.1279 

tt 

4 

0.3834 

44.29 

0.1279 

TT 
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Table  XLVI,     Stand. <rdization  of  Potassium  Permanganate 
with  Arsenious  Oxide  and  with  Stiuinous  Ox- 
ide, iiummary. 

Number  of  Average  Average 

Stand.-.rd      Titr  tions  Norm:jlity  Deviation 

ASgOg  5  0.12Vb  *0.00U1 

SnO  20  0.12Y9  :t0.0001 
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Ceric  Sulfate  Solutions 

Cerio  sulfate  is  fast  "becoming  one  of  the  most  import- 
ant of  the  oxidizing  agents.     It  is  a  stable  and  powerful 
oxidant  and  may  he  used  to  titrate  cold  hydrochloric  acid 
solutions  of  reducing  agents  without  liberating  chlorine.^ 
Any  of  the  usual  redox  indicators  is  satisfactory.  0-phen- 
anthroline-f errous  is  convenient  as  its  color  change  is  sharp 
and  indicator  blank  correction  is  small. 

A  O.IN  solution  of  ceric  sulfate  was  prepared  by  dis- 
solving the  appropriate  amount  of  anhydrous  ceric  sulfate  in 
approximately  2N  sulfuric  aoid.     It  was  allowed  to  stand  for 
tv7o  weeks  to  settle  out  ceric  phosphate.    It  was  decanted 
from  the  bottle  and  filtered  through  a  glass  filter  crucible, 
then  boiled  under  reduced  pressure  to  remove  dissolved  air. 
The  air  free  solution  was  transferred  to  a  storage  bottle 
and  nitrogen  bubbled  through  it  for  three  hours.    It  was 
stored  under  nitrogen.     The  solution  was  withdrawn  as  needed 
through  a  siphon  provided  with  a  glass  stopcock. 

The  ceric  sulfate  solution  was  standardized  with  arsenous 

0 

oxide.     The  latter  was  dried  at  140    for  one  hour,  then  samples 
of  about  0.2  gram  were  weighed  out  into  250  ml.  conical  flasks. 
The  samples  were  dissolved  in  20  ml.  of  1  molar  sodium  hydrox- 
ide.   According  to  the  catalyst  the  procedure  was  as  follows: 
V/hen  iodine  monochloride  was  used  as  the  catalyst  20  ml.  of 

1.    Kiolthoff,  I.  I.:.,  uiandell,        B. ,  Textbook  of  .Quantitative 
Inorganic  Analysis,  MacMillan  Co.,  L.  Y.,  1937,  p.  581. 
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concentrated  hydrochloric  acid  were  added  to  the  sodium 

hydroxide  solution  and  then  diluted  to  100  ml,  with  v/ater. 

1 

2.5  ml.  of  iodine  monochloride  solution    and  one  drop  of 
o-phenanthroline-ferrouE  indicator  were  added  and  the  tit- 
ration made  v:ith  the  eerie  solution  at  room  temperature  until 

0 

near  the  end  point.     The  solution  was  then  heated  to  50  and 
the  titration  finished  at  this  point. 

When  osmium  tetroxide  was  used  as  the  catalyst,  the 
sodium  hydroxide  solution  was  diluted  to  100  ml.  and  neutral- 
ized by  adding  25  ml.  of  1:5  sulfuric  acid.     Three  drops  of 
O.OIM  osmium  tetroxide  in  O.IM  sulfuric  acid  m^ere  added  as 
a  catalyst  and  one  drop  of  ferroin  as  the  indicator.  The 
titra'bion  was  carried  out  at  room  temperature  until  the 
indicator  turned  pale  blue.     In  either  case  a  blank  determ- 
ination was  made  with  all  of  the  rea.^ents  present  except 
the  arsenous  oxide.     The  correction  was  0.02-0,05  ml.  of 
eerie  sulfate.     The  results  of  these  standardizations  are 
found  in  Table  XLVII. 
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Table  XLVII. 


Purity 
AS2O3 


Standardization  of  O.UT  Ceric  Sulfate 
Using  Arsenous  Oxide. 


99.97% 


Volume  of 

«V  eight 

Ceric  sul- 

ITormality 

Temp. 

TiO, 

Sample 

fate 

of  Soln, 

J. 

0  ^  .  r  X 

u , u  f  f  00 

oft 

0.1792 

46.40 

0,07790 

II 

2* 

0,1980 

51.35 

0.07778 

n 

4* 

0.2035 

52.75 

0.07782 

n 

5* 

0.2268 

58.84 

0,07789 

n 

6* 

0.2115 

54.89 

0,07787 

If 

0.1616 

41.93 

0.07788 

n 

8* 

0.1961 

50.87 

0.07790 

If 

9# 

0.2076 

53.83 

0.07794 

26 

0.2339 

60,67 

0.07791 

n 

Average 

0.07787  at 

28° 

*  Iodine  monochloride  used  as  catalyst. 

#  Osmium  tetroxide  used  as  catalyst. 

The  standardization  with  stannous  oxide  v/as  carried  out 
in  the  same  manner  as  with  potassium  permanganate  solutions. 
The  stannous  oxide  was  heated  for  one  hour  at  140°C  and  0.3 
gram  samples  weighed  out  into  conical  flasks.    15  ml.  of 
water  were  added  and  the  contents  boiled  for  one  minute  to 
expell  any  air  from  the  sample,  then  it  was  cooled  in  a  rapid 
stream  of  nitrogen  gas.     The  latter  v/as  introduced  through 
a  tube  extending  through  a  two  hole  stopper  to  the  bottom  of 
the  flask.    After  five  minutes  of  cooling  the  sample  was  dis- 
solved in  50  ml.  of  air  free  IM  hydrochloric  acid  and  titrated 
using  one  drop  of  ferroin  as  the  indicator.     The  reaction  was 
rapid  and  the  end  point  very  sharp.     The  results  using  several 
samples  are  given  in  Table  XLVILI. 
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Table  XLVIII. 


Standardization  of  O.IE'  Ceric  Sulfate 
iiolution  Using  Stannous  Oxide. 


Sample 
Ko, 


Purity  l\'o. 


V/eight    Volume  of 
Sample    Ceric  soln. 


K  0  rmal i  ty    T  emp . 


of  soln. 


'C. 


P-7 


99.33 


1 
2 
3 


0.3183 
0.2547 
0.2047 


60.23 
44.40 
38.74 


0.07794 
0.07796 
0.07793 


28 
ft 


P-8 


99.25 


1 
2 

3 

4 


0.2208 
0.2774 
0.2949 
0.2022 


41.74 
52.44 
55.79 
38.23 


0.07795 
0.07795 
0.07789 
0.07794 


28 


P-18 


99.23 


1 
2 
3 


0.2403 
0.2586 
0.2480 


45.35 
48.84 
46.93 


0.07807 
0.07801 
0.07786 


27 

n 


P-20 


99.17 


1 
2 
3 
4 


0.1933 
0.1978 
0.2735 
0.1907 


36.44 
37.36 
51.64 
35.98 


0.07811 
0.07796 
0.07798 
0.07804 


28.5 


P-23 


99.50 


1 
2 
3 
4 


0.2802 
0.2415 
0.2300 
0.2130 


52.92 
45.67 
45.47 
40.29 


0.07822 
0.07812 
0.07817 
0.07808 


27.5 

Tf 
tf 
W 
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Standardization  of  Potassium  Dichromate 

Potassium  dichromate  solution  may  be  used  to  titrate 
stannous  solutions  in  hydrociiloric  acid  using  diphenylaminjg 
as  an  indicator.^    As  dichromate  solutions  are  stable  and 
easily  prepared  they  have  good  possibilities  for  increasing 
popularity  as  primary  standards  are  developed  which  may  be 
used  with  it. 

O.IH"  potassium  dichromate  solutions  v/ere  prepared  from 
boiled  out  water  and  stored  under  nitrogen.     They  were  stand- 
ardized with  J.  T.  Baker's  reagent  quality  ferrous  ammonium 
from  a  freshly  opened  bottle.     The  samples  were  weighed  into 
Erlenmeyer  flasks  and  the  air  swept  out  by  a  stream  of  nitro- 
gen.   All  succeeding  operations  were  carried  out  in  this 
atmosphere.     The  sample  v^as  dissolved  in  50  m.l.  of  2  F  sulfuric 
acid  and  5  ml.  of  syrupy  phosphoric  acid  added.    After  dilut- 
ing to  150  ml.,  three  to  four  drops  of  1%  diphenylamine  in 
concentrated  sulfuric  acid  were  added  as  an  indicator.  The 
titration  was  carried  out  until  the  color  changed  from  a 
blue  green  to  a  dark  violet  blue  (artificial  light).  Two 
solutions  of  dichromate  were  used.     The  first  was  preiDared 
by  weighing  out  a  definite  amount  of  t^A-ice  recrystallized 
CP.  grade  potassium  dichromate  which  had  been  dried  at  150° 
for  24  hours.     It  was  dissolved  in  air  free  water  and  made 
up  to  the  mark  of  a  calibrated  volumetric  flask  after  standing 

1.  Kolthoff,  I.  I!.,  ITenzel,  I.  E.,  Volumetric  Analysis, Transl. 
by  K.  H.  Furman.  2  vol.,  John  V/iley  and  Son,  Inc.,  I..  Y.  1928. 
Vol.  2  page  488. 
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in  a  thermostat  for  l/2  hour.     The  data  for  this  solution 
are  given  in  Tatle  XLIX  ,     The  other  solution  VYas  prepared 
by  dissolving  approximately  11  grs.ms  of  the  dichromate  in 
two  liters  of  water  and  then  boiling  under  reduced  pressure. 
Both  solutions  were  stored  under  nitrogen. 


Table  XLIX.        Preparation  of  Standard  Potassium 

DiGhromate  Solution.  (Solution  #1). 

Weighing  bottle  and  dichromate  19.8920  g. 

Weighing  bottle  empty  15.9602  g. 

V/ eight  of  dichromate  5.9318  g. 

Volume  at  20  lOOO.Ol^ml. 

Temperature  of  v/ater  24.1 

ITormality  of  solution  0.1210 


The  results  of  standardization  of  this  solution  with 
ferrous  ammonium  sulfate  and  stannous  oxide  are  given  in 
Table    L     •     The  standardization  v/ith  stannous  oxide  was 
carried  out  by  dissolving  the  dried,  weighed  sample  in  ll/I 
hydrochloric  acid  in  a  nitrogen  atmosphere.  Dir)henylamine 
was  found  unsatisfactory  as  an  indicator  for  this  titration 
in  artificial  light  because  of  the  development  of  a  dark 
green  chromium  solution.     The  method  of  adding  2  grams  of 
potassium  iodide  and  5  ml.  of  starch  indicator  was  found  to 
give  a  good  end  point,  the  color  changing  from  dark  green 
to  a  very  dark  blue  in  artificial  light.     The  solutions 
v/ere  titrated  slowly. 
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Tatile    L  Standardization  of  Potassium  Dichromate 

Solution  with  Ferrous  Amr.onium  Sulfate 
and  StarjTiOus  Oxide,     (Solution  #1) 


Sample  and  Purity 

ITo. 

Weight 

Volume  of 

Temp. 

Sample 

Dichromate 

°C. 

TTormality 

Ferrous  ammonium 

1 

1.7347 

36.53 

26 

0.1211 

sulfate  100^  pure 

2 

1.7835 

37.58 

26 

0.1211 

Stannous  oxide 

1 

0.4217 

51.14 

26 

0.1219 

P-25,  99.55^0 

2 

0.4031 

48.95 

26 

0.1217 

3 

0.3661 

44.45 

26 

0.1217 

The  second  dichromate  solution  was  standardized  in  the 


same  manner.     The  results  are  given  in  Table 


Table     LI  Standardization  of  Potassipjn  Dichromate 

Solution  with  Ferrous  Ammonium  Sulfate 
and  Stannous  Oxide.     (Solution  #2). 


Weight 

Volume  of 

Temp. 

Sample  and  Purity 

IVTO. 

Sample 

Dichromate 

°C. 

Fomality 

Ferrous  ammonium 

1 

1.3306 

28,11 

26 

0.1207 

sulfate.  100<^ 

2 

1.7368 

36.78 

26 

0.1204 

3 

1.7085 

36.19 

26 

0.1204 

Stannous  oxide 

1 

0.2933 

35.64 

26 

0.1213 

P-8,  99.255o 

2 

0.6397 

65.55 

26 

0.1213 

3 

0.4012 

48.53 

26 

0.1218 

Stannous  oxide 

1 

0.3102 

37.61 

26 

0.1219 

P-25,  99.53^0 

2 

0.4182 

50.79 

26 

0.1217 

3 

0.3067 

37.09 

26 

0.1222 

Stannous  oxide 

1 

0.2948 

35.81 

26 

0.1212 

P-20,  99.17 

2 

0.3140 

37.93 

26 

0.1213 

3 

0.3262 

39.57 

26 

0.1214 

It  is  readily  seen  that  the  standardization  with  stannous 
oxide  was  entirely  unsatisfactory  by  the  method  used.     It  may 
"be  that  the  presence  and  use  of  iodide-starch  in  the  system 
is  detrimental,  causing  the  end  point  to  appear  too  soon, 
thus  giving  high  results. 


I 
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SUMMARY 

Stannous  oxide  was  found  to  be  suitable  as  a  primary 
standard  substance.     'rests  on  its  solubility  showed  it  to 
be  most  readily  soluble  in  hydrochloric  acid.     j.t  v/as  found 
to  be  practicall^^  non-hyg;roscopic . 

Stannous  oxide  v/as  analyzed  by  an  iodimetric  method  and 
hence  may  be  used  to  standardize  other  iodine  colutions. 

Potassium,  permanganate  solutions  were  standardized 
with  arsenious  oxide,  and  with  stannous  oxide.     ;.he  two 
values  obtained  for  the  noririality  of  the  solutions  varied  by 
one  part  per  thousand.     Similar  results  were  obtained  when 
a  eerie  sulfate  solution  was  standardized  v;ith  arsenious 
oxide,   and  ?7lth  stannous  oxide.     When  stannous  oxide  was 
used  as  a  standard  for  potassium  dichr ornate  solutions  the 
results  were  much  too  hish  com.pared  to  those  obtained  with 
ferrous  ammonium  sulfate. 

Stannous  oxide  may  be  used  as  a  orimiary  standard  for 
potassium,  permanganate  and  eerie  sulfate  solutions  using 
o-ohenanthroline-f errous  complex  as  the  indicator.     Its  use 
with  potassium  dichrom.ate  solutions  is  not  advised. 
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APPEl^IDIX  I 

locLimetric  Titration  of  Stannous  Tin 
in  the  Presence  of  Di-Amrnonium  Phosphate 

It  v/as  noted  that  when  amrronimn  mono-acid  phosphate  was 
added  to  slightly  acid  stannous  chloride  solutions  a  white 
precipitate  formed  which  dissolved  on  adding  an  excess  of  the 
phosphate.     If  sodium  hydroxide  or  aniinoniuin  hydroxide  is  added 
to  the  solution  a  precipitate  is  not  formed.    However,  if  an 
acid  is  added  to  the  solution  containing  an  excess  of  the 
phosphate  a  v/hite,  somev;hat  crystalline  precipitate  hegins  to 
form  at  about  pH  4.    Precipitation  continues  and  the  precipi- 
tate  remains  until  the  pH  is  less  than  one.     If  the  am.ionium 
phosphate  solution  is  added  to  a  very  acid  solution  of  stan- 
nous chloride  no  precipitate  forms  until  the  excess  acid  is 
neutralized.    Precir.itation  begins  at  a  pH  of  less  than  one. 
The  composition  of  the  substance  which  precipitated  was  not 

investigated,  but  the  compound,  SnliPO  ,  has  been  prepared"^ 

4 

and  resembles  the  description  given  above. 

The  phosphate-stannous-stannic  system  was  investigated 
by  means  of  potentiometric  titration  of  their  solutions  under 
various  conditions  to  discover  if  some  use  might  be  made  of 
their  properties  in  the  volumetric  determination  of  tin.  A 
Leeds  and  ITorthrup  student's  type  potentiometer  was  used  sjid 
the  reference  electrode  consisted  of  a  calomel  cell  filled 

1.     Jablczjniski ,  £. ,     ieckowski ,  IJ,^  Z.  anorg.  allg.  Chem. 
152,  207  (1S26). 
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with  IM  potassium  chloride.     The  latter  was  connect  with  the 
titration  flask  "by  means  of  a  salt  bridge  filled  with  U.!  KOI 
solution.     The  other  electrode  was  a  small  coil  of  smooth 
platimum  wire  sealed  through  a  piece  of  glass  tubing.  The 
bridge  was  standardized  by  means  of  a  standard  Weston  cell. 
The  DOtential  was  read  to  the  nearest  thousandths  of  a  volt. 

The  titration  cell  consisted  of  a  500  ml.  four  neck 
flask.     The  large  center  neck  was  provided  with  a  mercury 
sealed  stirrer,  a  tube  for  admitting  nitrogen,  and  one  for 
admitting  water.     Two  of  the  other  necks  each  contained  one 
of  the  electrodes  and  an  opening  for  a  burette  tip.  Burettes 
containing  iodine  and  stannous  chloride  solutions,  respectively, 
were  used  in  these  t\,vo  side  necks.    In  the  third  opening  bur- 
ettes containing  phosphate,  acid,  or  base  were  used  inter- 
changeably.    The  whole  sj^stem  was  kept  under  nitrogen  except 
for  the  latter  mentioned  burettes.     These  solutions  were 
stored  under  nitrogen  and  were  drawn  off  just  before  use. 
The  titration  assembly  is  shown  in  Figure  1. 

Approximately  O.UT  stannous  chloride  and  iodine,  11,1 
hydrochloric  acid  and  sodium  hydroxide  and  1,5M.  di-amrnoniujn 
phosphate  soltitions  were  used.    All  were  prepared  from  dis- 
tilled v/ater  boiled  under  reduced  pressure,  and  were  stored 
under  nitrogen. 

Preliminaiy  investigations  showed  that  the  titration 
curve  of  an  acid  stannous  chloride  solution  containing  di- 
ammonium  phosphate  v/as  not  appreciably  different  from  that 


Figijire  l.     Titration  Assembly. 
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without  it.    As  it  was  not  practical  to  work  with  a  solution 
in  which  the  active  substance  was  tied  up  as  an  insoluble 
compound  attention  was  given  to  the  solutions  which  were  only 
slightly  acid,  that  is,  between  pH  4  and  7.     Titration  v/ith 
iodine  solution  prohibits   Ghe  use  of  solutions  of  pH  greater 
than  eight  if  the  formation  of  hypo-iodite  is  to  be  avoided. 

Titrations  were  carried  out  using  different  amounts  of 
phosphate  solution.     It  was  found  that  as  long  as  the  anount 
added  was  at  least  five  times  the  amount  of  stannous  tin 
("mole  ratio  1:5)  the  curve  was  nearly  the  same  as  for  large2^ 
amounts.     The  pH  was  likewise  varied  and  the  curve  was  found 
to  be  nearly  the  same  between  pH  4  and  pH  7. 

The  following  procedure  was  found  to  be  best:  About 
30  ml.  of  0.05M  stannous  chloride  solution  was  added  to  the 
nitrogen  filled  blask  and  20  ml  of  l.fll  di  amonium  phosphate 
added.     The  phosphate  neutralized  the  excess  acid  and  the 
resrilting  clear  solution  had  a  pH  of  about  5.     It  was  diluted 
to  about  100  ml. ,  about  5  ml.  of  starch  indicator  added  and 
titrated  v/ith  O.IU  iodine  solution.     The  potential  was  measured 
throughout  the  titration  and  when  plotted  the  curve  was  tjnpical 
of  thc.t  obtained  when  a  complex  substance  is  titrated.  This 
type  is  distinguished  by  an  almost  horizontal  section  .just 
before  the  potential  break  at  the  end  point. ^    Table  I  gives 
the  data  obtained  by  carrying  out  a  titration  under  the 

1.  Kolthoff,  I.  is!.,  llenzel,  I.  H. ,  Volumetric  Analysis,  Trans, 
by  :  .  H.  Purman.  2  Vol.     John  V.'iley  and  Sons,  Inc.  TT.  Y, 
Vol.  1,  pp.  62-6  . 
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conditions  given  alDOve.     It  is  plotted  in  Figure  2. 


Table  I.    Potentiometric  Titration  of  30  ml.  of  0.051.1  Stannous 

Chloride  Solution  Containing  20  ml.  of  1.5T:  Di-am:.ionium 
Phosphate.    pH  5.    E.II.F,  referred  to  HI  calomel  cell. 


O.IY:  Iodine 

E.  M.  P. 

Solution 

Volts 

0.0 

-0.126 

2.1 

-0.184 

-0.029 

4.0 

-0.205 

-0,011 

10.0 

-0.244 

-0.007 

20.0 

-0.280 

-0.004 

20.0 

-0.297 

-0.002 

55.0 

-0.306 

-0.027 

33.87 

-0.350 

-0.050 

34.22 

-0.357 

-0.020 

34 . 34 

-0.352 

+0.041 

34.39 

-0.281 

+0.710 

34.42 

•tO.174 

+15.35 

34.47 

+0.207 

+0.660 

34.51 

'1.0.222 

+0.375 

34.60 

■I-0.238 

+0.177 

34.76 

+0,245 

+0.044 

35.5 

+0.261 

f0.022 

Table  II  gives  some  data  for  a  typical  titration  of  stan- 
nous chloride  in  hydrochloric  acid  v:ith  iodine  solution.  This 
data  is  plotted  in  Figure  2,  to  show  the  difference  in  the 
results  obtained  when  a  complex  ion  is  formed  with  phosphate. 


+0.3 


Figure  2.     Potent iomet ri  c  Titration  of  0.1  IT 
Stannous  Chloricfe  Solution  in  I^i- ammonium 
Phosphate,   and  in  Hydrochloric  Acid  Solution. 
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Poteritioraetric 

Titration  of  30 

ml.  of  0.0511 

Ste.nnous  Chloride  in  11.'  ECl,  J 

il.^'.F.  referred 

to  111  Calomel 

Electro  de . 

,11!  Iodine 

E.  M. 

-ution 

Volts 

0,0 

-0.175 

9.8 

-0.317 

-0,012 

20.0 

-0.22  3 

+0.010 

33.18 

-0.098 

+0.010 

34.13 

-0.047 

f0.042 

34.20 

-0.023 

+0.343 

34.22 

tO.003 

+1.30 

34 . 25 

+0.159 

+5.20 

34.29 

+0.157 

+0.200 

34.34 

+0.187 

+0.403 

35,44 

f 0.230 

1-0.039 

It  was  hoped  that  the  complex  phosphate-stannous  ion 
would  resist  oxidation  to  some  extent,  despite  the  fact  that 
its  potential  Vv'as  lower  than  that  of  stannous  tin.  Quantative 
tests  were  made  "by  bubbling  two  liters  of  air  through  a  laiown 
amount  of  the  stannous-phosphate  complex  solution  (pH5)  and 
comparing  the  loss  in  titre  with  that  obtained  by  bubbling 
the  same  quantity  of  air  through  the  solution  containing  the 
same  araomit  of  st&nnous  chloride.     It  was  foimd  that  the  loss 
in  titre  was  slightly  greater  for  the  phosphate  complex  than 
for  the  acid  solution  of  stannous  chloride. 

The  study  of  the  stannous-phosphate  comT>lex  v/as  not 
carried  farther,  because  it  was  felt  that  a  raore  satisfactory 
complex  forming  substar.ce  could  be  found,     i^erhaps  the  use  of 
these  solutions  has  possibilities  for  some  types  of  titrations, 
but  phosphate  forms  precipitates  with  too  many  cations  to  be 
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of  much  use  when  the  latter  are  present.     Thus  for  general 
use  in  titrating  tin  solutions  containing  other  metal  ions, 
the  use  of  phosphate  must  "be  discarded. 
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APPEITDIX  II 

lodimetric  Titration  of  StannouE  Tin 
in  the  Presence  of  Sodium  Citrate. 

In  the  search  for  complex  formng  substances  attention 
was  B;iven  to  organic  hydroxy  acids.    It  has  "been  known  for 
a  long  time  that  many  of  these  substar:ces  form  stable  com- 
plexes with  various  metal  ions.     A  qualitative  study  v/as  made 
of  some  of  these  and  other  organic  substances  to  find  which 
would  form  stable  complexes  under  a  variety  of  coiiditions. 
It  was  found  that  ammonium  oxalate  and  ammonium  salycilate 
gave  precipitates  in  slightly  acid  solutions  of  stannous 
chloride.     These  compounds  were  soluble  in  an  excess  of  acid. 
These  two  and  am-^onium  formate,  ammonium  malonate,  ammonium 
malate  and  lactic  acid  when  in  excess  did  not  prevent  the 
formation  of  a  hjT-droxide  ^^hen  a  base  was  added.    Fone  of  these 
reagents  formed  a  precipitate  with  stannic  ion  in  slightly 
acid  solutions,  and  only  ammonium  malate  and  am'-'onium  salicy- 
late prevented  the  formation  of  stannic  hydroxide  when  they 
were  in  excess. 

Lactose  (dl)  in  excess  did  not  prevent  the  formation  of 
a  preci-niiiate  at  pH  2  with  stannous  or  stannic  ions,  but  these 
precipitates  dissolved  at  pE  10,    Excess  levulose  behaved 
similarly  v/ith  stannic  ion  but  the  precipitate  with  stannous 
ion  did  not  dissolve  at  pH  10.     The  precipitate  obtained  v/hen 
glucose  was  present  in  excess  in  stannic  or  stannous  solutions 
when  base  was  added  did  not  dissolve  until  a  large  excess  of 
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base  was  present.     Sucrose  "behaved  similarly  to  glucose  when 
present  in  the  stannous  solution,  "but  the  precipitate  from 
stannic  solutions  dissolved  at  pH  8.     Ethylene  glycol  and 
glycerol  did  not  prevent  the  formation  of  either  stannous  or 
stannic  hydro xide» 

It  was  found  that  both  sodium  citrate  and  ammonium 
tartrate  prevented  the  formation  of  a  precipitate  on  adding 
a  base  to  stannic  solutions.    Ammonium  tartrate  also  pre- 
vented the  forraatibr.  of  stannous  hydroirride,  but  sodium 
citrate  did  not.     These  two  substances  v/ere  chosen  for  fu.r- 
ther  tests.     They  were  added  in  excess  to  alujiiinum,  ferrous, 
lead  and  nickel  solutions  and  sodium  hydroxide  added  to  ore- 
cipitate  the  hydroxides.    Either  substance  when  present  in 
excess  v/as  found  to  prevent  the  formation  of  a  precipitate. 

Potentiometric  titrations  of  stannous  solutions  v;ith 
iodine  were  made  v/ith  sodium  citrate  and  sodium  tartrate 
present,  resnectively.     The  potential  was  found  to  about  the 
same.     The  potential  change  for  both  solutions  was  very  marked 
and  both  gave  curves  characteristic  of  complex  formation.  Tar 
trate  solutions  have  the  disadvantage  of  formng  an  insoluble 
precipitate  in  acid  solutions  vjhen  potassium  is  present.  It 
was  for  this  reason  that  the  study  of  citrate  was  carried  out. 
One  method  using  tartrate  is  used  in  the  titration  of  tin 
solutions.     It  is  a  modified  Lenssen  method"''  in  which  sodium 


1.  Lenssen,  E. ,  J.  ^r.  Ghem.  78,  193  fl859) 
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potassium  tartrate  is  added  to  the  starmons  solution  and 
sodium  ■bicarbonate  added,  until  the  pll  is  7.     The  solution 
is  then  titrated  v/ith  iodine  solution. 

Experiments  were  carried  out  using  about  SO  ml.  of  0,05M 
stannous  chloride  solution  and  titrating  with  O.IN  iodine 
solution.     The  sodium  citrate  was  added  as  a  solution  con- 
taining 150  grons  of  21  agCs^S^V'^^^S^  ^^-"^  liter.  Sodium 
hydroxide  and  hydrochloric  acid  were  each  1  molar.    A  0,2% 
starch  solution  was  used  as  an  indicator.     The  titration 
assembly  is  the  same  as  used  for  the  titrations  of  the 
stannous-phosphate  solutions  (Figure  I,  Aopendix  I). 

The  effect  of  varying  the  hydrogen  ion  concentration 
was  to  reduce  the  amount  of  citrate  complex  found  and  in 
highly  acid  solutions  the  curve  was  the  same  as  when  citrate 
was  absent.     The  minimum  potential  dropped  with  decreased 
acidity  and  the  curve  became  less  rounded  at  the  stannous- 
stannic  end.     It  was  found  that  the  minimum  potential  was 
ap-iiro2:imately  the  same  betv/een  pE  3  and  pH  6,  and  v/as  reached 
just  before  the  stannous  tin  was  all  consumed.     It  was  also 
noted  that  the  acidity  of  the  solution  increases  as  the 
titration  proceeds;  usually  it  changed  about  tv/o  pH  units. 
This  indicates  a  different  tjrpe  of  complex  comioound  between 
stannous  and  citrate  and  the  stannic  and  citrate  ions.  The 
stannic  ion  combines  with  at  least  one  of  the  OH  groups  on 
the  citrate  thereby  releasing  hydrogen  ion. 
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The  effect  of  increasing  the  citr&te  concentration  at 
constant  pH  was  to  sharpen  the  curve  slightly  at  the  Stannous- 
staniiic  end;  at  the  same  time  it  increased  the  time  necessary 
to  reach  an  equilibrium  state  between  the  stannous  and  stannic 
complexes.     20  ml.  of  sodium  citrate  was  found  to  be  an  opti- 
mum amount  of  sodium  citrate  solution.     It  yielded  good  curves 
and  was  chosen  for  economy  of  time  and  materials. 

The  procedure  followed  was  to  add  about  30  ml.  of  0.05il 
stannous  chloride  solution  to  the  flask,  then  20  ml.  of 
sodium  citrate  solution.     The  acidity  v/as  adjusted  to  pH  4-5 
by  adding  IM  sodium  hydroxide  to  the  solution.     One  drop  of 
methyl  orange  may  be  used  for  the  indicator  for  one  sample 
and  other  samples  treated  similarly'-.     It  does  not  affect  the 
end  point,  exce'-^t  to  make  it  a  bit  more  difficult  to  observe. 
The  solution  is  biiffered  ¥/ith  citrate  and  the  addition  of 
the  base  does  not  he.ve  to  be  very  exact.     The  titration  was 
then  made  with  O.IIT  iodine  solution.     Table  I  contains  the 
titration  data  from  a  typical  solution  and  the  data  are 
plotted  in  Figure  1.     The  data  from  Table  II,  Appendix  I 
for  the  titration  of  a  stannous  chloride  solution  is  plotted 
on  the  same  figure  to  give  comparitive  values. 

The  indicator  end  point  was  found  to  occur  very  near  the 
potentiometric  end  coint,  indicating  the  suitability  of  starch 
as  the  indicator  for  the  titration.     The  curve  is  reversible 
so  that  when  stannous  and  iodine  solutions  are  used  back 
titration  ma3^  be  employed. 
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TalDle  I.  Potentiometric  Titration  of  O.OK.I  Stannous 
Chloride  Containing  40  ml.  of  0,55!I  Sodium 
Citrate  Solution.    pH  4-5. 


ml.  O.l^I  Iodine 
Solution 


E.  i:.  p. 

Volts 


0.0 
4.0 

10.0 

20.0 

3S.8 

24.19 

34.23 

34.27 

34.33 

34.46 

34.80 

35.9 


-0.309 
-0.317 
-0.321 
-0.323 
-0.337 
-0.335 
+0.174 
+0.200 
40.224 
40.226 
+0.251 
t0,263 


-0.002 

-0.001 

-0.000 

-0.001 

+0.005 

+2.72 

+0.650 

+0.400 

+0.164 

+0.044 

+0.011 


A  series  of  titrations  was  ru-n  to  determine  the  possible 
effectiveness  of  the  complex  form  in  preventing  the  oxida- 
tion of  the  stannous  tin  by  atmospheric  oxygen.     Two  liters 
of  g.ir  were  bubbled  through  the  solution  and  the  change  of 
titre  found  by  titration  with  iodine.     The  conditions  were 
varied  to  find  the  best  combinations.     Table  II  gives  the 
titration  data  and  conditions  of  the  samples.  Potassium 
iodide  was  added  to  some  of  the  samples  to  observe  ejiy  effect 
it  mie;ht  have. 


+0.3 


Figure  1.     Potentiometric  Titration  of  0,1  N 
Stannous  Chloride  in  Sodium  Citrate,   and  in 
Hydrochloric  Acid  Solutions, 
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Table  II,     Oxidation  of  Stannous  Chloride  on  Bubbling 
Tw'o  Liters  of  Air  Through  Solutions 
Containing  Various  Eeae:ents. 


i.l,  of 

Ml.  of 

1:1.  of 

Hatio 

Titn. 

0.0  51.1 

O.ll^T 

0.551! 

^r&ms  of 

Vol.  I 

ITo  • 

SuClg 

Iodine 

Citrate 

KI  added 

PE 

to  SnC: 

*13 

20.48 

25 . 79 

20 

2-4 

0. 780 

*12 

50. 61 

25.  77 

1 

0.  776 

17 

20.55 

25.64 

20 

1 

2-4 

0.774 

14 

20. 77 

23.75 

50 

1 

2-4 

0.  772 

7 

50.28 

25.39 

20 

1 

3-4 

0.771 

19 

20.01 

22.92 

20 

1 

2 

0.762 

16 

30.  75 

23.42 

20 

1/20 

2 

0.763 

11 

30  .45 

23.16 

—  — 

<  1 

0.760 

S 

30.54 

2S.08 

20 

2-4 

0.756 

1 

30.68 

23.09 

<1 

0.752 

2 

20.49 

22.90 

«1 

0.751 

15 

30.53 

2i.80 

20 

5-6 

0.747 

18 

30.27 

22.64 

20 

3 

3 

0.746 

4 

30.62 

22.76 

20 

<1 

0.743 

5 

30.84 

22.43 

20 

5 

0.728 

9 

20.66 

22 . 25 

50 

1 

5 

0.728 

6 

20.26 

20.49 

1 

<1 

0.676 

10 

20.22 

20.14 

50 

1 

<1 

0.667 

8 

30.49 

18.99 

20 

1 

<1 

0.623 

*  Samples  13  and  12  v/ere  not  aerated. 


The  results  obtained  were  expected  for  the  most  part. 
Since  the  oxidation  potential  is  lower  for  ti..e  complex  it 
shoiild  be  more  easily  oxidized  and  it  is  seen  that  this  is 
generc^lly  the  case.     A  very  startling  result  was  obtained 
when  iodide  was  added  along  with  the  sod.ium  citrate.  Instead 
of  cat£-,lyzing  the  oxidation  in  every  case,  it  appeared  to 
retard  the  oxidation  when  the  pH  of  the  solution  was  about 
2-4.    At  both  higher  and  lower  hydrogen  ion  concentrations 
this  effect  was  not  observed  and  in  Yer^r  acid  solutions  the 
oxidation  was  very  lax're.     Just  v/hat  might  cause  tfce  behavior 
observed  at  pH  2-4  is  not  known  and  certainly  more  Etud.y  would 
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te  justi-"ied  to  find  the  specific  conditions  affecting  the 
oxidation.     It  is  possilfle  that  a  very  stable  coi-olexion  ties 
up  most  of  the  stannous  tin  and  the  cat?jlytic  effect  of  iodide 
in  the  presence  of  tin  is  therebj^  rendered  negligible.  But 
this  does  not  explain  why  the  oxidation  does  not  take  place 
more  rapidly  due  to  the  lov;er  potential. 

The  negative  catalysis  of  the  citrate-iodide  combination 
is  of  much  use  in  the  titration  with  iodine  as  it  lessens  the 
possibility  of  error  due  to  accidental  admission  of  air  to 
the  titrating  flask.    Possibly  some  method  can  be  devised 
whereby  stannous  solutions  can  be  titrated  v/ithout  the  pre- 
sent precautions  to  prevent  air  oxidation.     In  the  titration 
of  stannous  oxide  samples,  iodide  was  not  added  v/ith  the 
citrate  previous  to  the  addition  of  the  iodine  solution.  The 
samples  were  amply  protected  with  a  nitrogen  atmos-ohere  and 
it  was  felt  that  more  study  should  be  given  to  this  parti- 
cular problem. 

The  method  of  using  sodium  citrate  to  form  a  complex 
ion  was  tested  by  titrating  many  samples  with  it  present  and 
comparing  the  results  v/ith  that  obtained  v/hen  the  sample  was 
titrated  in  UI  hydrochloric  acid  solutions.     The  details  of 
the  method  used  are  given  in  the  section  on  the  preparation 
of  pure  stannous  oxide.     The  results  of  these  analyses  are 
reproduced  in  Table  III  w^ith  the  corresponding  values  obtained 

by  the  iodinetric  method  of  analysis.     It  is  seen  that  the 
results  are  in  good  agreement,  being  a  little  lower  in  most 
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cases.     This  may  be  due  to  the  slovmess  in  establishing 
equilibrium  between  the  stannous  and  stannic  complex  ions. 
By  not  allov/ing  gi'.fficient  time  the  end  point  might  appear 
a  little  too  soon.     This  could  be  overcome  hir  adding  the 
iodine  solution  until  the  color  of  the  indicator  at  the 
end  point  is  not  quite  develoiied  and  allowing  a  minute  to 
elapse  before  finishing  the  titration.     The  same  effect 
would  be  accomplished  by  titrating  very  slowly  at  the  end 
point. 


Table  III.     Comparison  of  lodimetric  Titrations  of 
Stannous  Oxide  in  Sodium  Citrate  and  in 
Hydrochloric  Acid  Solutions,  Respectively. 


%  SnO  by 

lodimetric 

Titn.  in 

Sample  Ko. 

Citrate  Soln. 

HCl  Soln. 

Difference 

P-6 

99.10 

99.21 

-0.11 

P-7 

99. SS 

99.45 

-0.12 

P-8 

99.51 

99.54 

-0.03 

P-9 

98.35 

98.24 

+0.09 

P-10 

98.49 

98.46 

+0.03 

P-11 

99.02 

99.09 

-0.07 

P-.12 

96.49 

95.59 

-0.10 

P-13 

98.45 

98.41 

40.04 

P-14 

93.90 

99.00 

-0.10 

P-15 

98.96 

98.93 

+0.03 

P-16 

99.12 

99.20 

-0.08 

P-17 

98.58 

98.61 

-0.03 

P-18 

99.19 

99.23 

-0.04 

P-19 

99.19 

99.26 

-0.07 

P-20 

99.11 

99.17 

-0.06 

P-21 

97.42 

97.52 

-0.10 

P-22 

98.87 

99.02 

-0.15 

P-23 

99.51 

99.50 

+0.01 

Average  difference 


to. 07 
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1. 


The  PrepMration  and  Properties  of  Stannous  Oxide 

Stannous  oxide  is  readily  prepared  "by  three  methods.  The 
most  important  one  is  to  precipitate  the  hydrate  and  heat  it 
in  either  an  acidic  or  basic  suspension  to  convert  it  to  the 
anhydrous  oxide.     A  crystalline,  black  product  is  obtaihed  by 
this  method.     A  second  method  is  to  heat  the  dried  hydrate  in 
an  inert  atmosphere  to  drive  off  chemically  comibined  water.  A 
fine  brown  powder  is  obtained.     The  third  method  is  to  heat 
stannous  oxalate  to  300*^G.     The  products  are  stannous  oxide, 
carbon  monoxide,   and  carbon  dioxide.  The  latter  two  methods 
were  not  studied. 

The  hydrogen  ion  concentration  of  the  soluti-on  in  vt^hich 
the  hydroxide  is  suspended  before  conversion  to  the  oxide  is 
very  important.     Its  effect  was  studied  by  precipitating 
stannous  hydroxide  with  sodium  hydroxide  and  adjusting  the 
pH  with  either  acid  or  base.     The  suspension  was  then  heated. 
The  tim.e  of  conversion  was  found  to  be  a  mlnim.um  at  pH  2-5 
and  at  pH  12-13.     Between  these  two  points  it  increased  rapid- 
ly and  at  pH  6-10  it  was  a  miaximium.     At  pH  greater  than  13 
deposition  of  the  oxide  is  seldom  observed  due  to  its  high 
solubility. 

The  crystal  structure  of  the  oxide  varied  with  the  hy- 
drogen ion  concentration  of  the  solution  from  which  it  was 
prepared.     At  pH  2-4  dendritic  and  Irregular  crystals  were  formed. 
In  the  vicinity  of  pH  5  the  deposition  was  slow  enough  to 
form  well  developed  square,  tabular  crystals  with  truncated 


edp;es.     At  pH  6-9  bl-pyrainldal  and  acicular  crystals  were  of- 
ten observed.     At  pH  11-13  the  crystals  were  relatively  thick, 
square,   and  tabular.     They  were  opaque  and  fewer  in  number 
than  those  formed  in  acidic  solutions. 

The  rate  of  formation  of  stannous  oxide  from  the  hydrox- 
ide was  found  to  increase  rapidly  v/ith  the  temperature.  For 
example  a  suspension  of  the  hydroxide  at  pll  4  was  only  2b% 
converted  after  425  days  at  25*^0.  :     at  95*^C.   the  conversion 
required  only  .'-jO  minutes. 

The  photochemical  sensitivity  of  stannous  hydroxide  was 
confirmed  by  exposinp;  samples  suspended  in  solutions  of  dif- 
ferent hydrogen  ion  concentrations  to  direct  sunlight,  light 
from  a  100  v/att  globe,  and  to  darkness,  respectively.  The 
greatest  darkeninp:  of  the  hydroxido  occurred  in  those  sarrples 
exposed  to  sunlight,  but  only  in  one  cases  (pH  4)  was  a  black 
substance  formed.     The  color  was  usually  medium  to  dark  brovm. 
The  hydroxide  exposed  to  artificial  light  darkened  to  a  lesser 
extent,  and  that  kept  in  the  dark  rem.ained  white.  Crystals 
formed  in  several  of  the  samples  in  each  type  of  exposure, 
but  probably  were  not  due  to  any  effect  of  light. 

Stannous  hydroxide  was  heated  in  the  presence  of  the 
sodium  salts  of  several  anions  and  chloride  salts  of  several 
metals.     The  results  showed  that,  with  one  exception,  there 
was  no  aporeciable  catalytic  effect  on  the  rate  of  conversion 
to  the  oxide.     Cyanide  ion  was  found  to  inhibit  the  conversion 
process.     Starch  concentrations  greater  than  10        also  pre- 


vented  the  oxide  from  formin^r.     Hip:h  concentrations  of  any 
foreign  compound  were  detrimental  to  f:^ood  crystal  development. 

Attempts  were  made  to  prepare  stannous  oxide  by  adding 
stannous  chloride  solution  in  an  organic  solvent  to  a  solu- 
tion of  sodium,  hydroxide  in  absolute  ethanol  or  glycerol 
and  heating  until  conversion  occurred.     The  solvents  used 
were  absolute  alcohol,  n-butanol,  glycerol,  pyridine,  and 
form.amide.     The  stannous  chloride  was  anhydrous  and  dissolved 
readily  in  each  of  the  solvents.  ",*/hite  precipitates  were  ob- 
tained in  every  case,  but  a  black  product  was  form.ed  only  in 
form.aroide  solution.     As  the  latter  solution  decom.posed  read- 
ily in  the  reaction  was  not  studied, 

A  method  for  the  preparation  of  the  oxide  is  recommended 
from  the  study  of  the  factors  influencing  the  dehydration  of 
the  hydroxide.     The  hydroxide  is  prepared  by  adding  stannous 
chloride  solution  (refluxed  with  tin  metal j   to  an  excess  of 
cold  ammonium  hydroxide.     The  precipitate  is  washed  by  decan- 
tation  until  peotization  occurs.     The  hydrogen  ion  concentra- 
tion is  then  adjusted  to  pH  5  v/ith  hydrochloric  acid  or  to 
pH  15  with  sodium  hydroxide.     The  lower  hydrogen  ion  cor.cen- 
tration  yields  more  numerous,  smaller  crystals.     The  suspension 
is  then  heated  at  100°C.  until  it  is  completely  black  and  for 
one-half  hour  thereafter.     The  product  in  either  case  analyses 
99.5^  SnO  when  pure  materials  are  used  and  an  inert  atm.o sphere 
is  maintained. 


4. 


Several  properties  of  stannous  oxide  were  studied.  The 
density  was  determined  by  the  pycnometric  method  to  be  6.35. 
This  was  the  average  of  several  samples  and  the  deviation 
was  0.02. 

A  study  of  the  stability  of  stannous  oxide  on  heating  in 
air  showed  that  up  to  150°C.  no  oxidation  occurred  over  a  40 
hour  period.     Longer  heating  at  this  or  a  higher  temperatures 
caused  oxidation  to  take  place.     A  thin  shell  of  stannic  oxide 
was  observed  to  form  over  the  crystals  on  oxidation.  This 
would  account  for  its  unusual  stability. 

Several  hundred  specimens  prepared  under  a  vai^iety  of 
conditions  were  examined  microscopically.     Kost  were  found  to 
be  tabular  square  crystals  with  truncated  edges,  often  some- 
what distorted.     xhey  appeared  to  be  the  center  section  of  a 
doubly  truncated  tetragonal  bi-pyramid.     These  crystals  did 
not  polarize  light  v/hen  lying  flat  and  were  too  thick  to  ob- 
serve any  polarization  when  on  edge.     Polarization  was  observ- 
ed with  several  acicular  specimens  deposited  at  pH  B.  These 
exiilbited  parallel  extinction.     One  specimen  contained  some 
sm.all  perfect  bi-pyramid  crystals. 

Stannous  Oxide  as  a  Primary  Standard 
Stannous  oxide  is  suitable  as  a  primary  standard  sub- 
stance.    It  has  a  moderately  high  equivalent  v/eight  (oV.35), 
it  is  readily  prepared,   is  stable,  non-hygroscopic,   and  is  a 
powei^ful  reducing  agent.     Its  solubility  was  found  to  be 
som.ewhat  limited  for  general  use  in  volumetric  analysis. 


5. 


Since  the  samples  of  stannous  oxide  v/ere  analyzed,  by  an 
iodlmetric  method  it  follows  that  it  may  be  used  for  the  re- 
verse procedure  of  standardizing    iodine  solutions.     It  is 
particularly  valuable  v/here  the  iodine  solution  is  used  for 
the  deterir.ination  of  tin. 

A  0,1  N. ,  air  free,  potassium  permanjaianate  solution  was 
standardized  with  arsenous  oxide  and  then  with  stannous  oxide. 
The  latter  titrated  in  normal  hydrochloric  acid  solution  in 
a  nitron;en  stmosphere.     0-phenanthroline-f err ous  complex  in- 
dicator was  used  for  both  standardizations.     The  average  of 
20  titrations  with  five  different  samples  of  stannous  oxide 
gave  0.1k-]79  for  the  normality  with  an  averap-e  deviation  of 
0.0001,     Standardized  with  arsenous  oxide  the  solution  was 
0,1278  N.  with  an  average  deviation  of  0,0001, 

A  0,1  N  cercic  sulfate  solution  in  sulfuric  acid  (air 
free)  was  standardized  with  tvm  sources  of  arsenous  oxide 
using  o-phenanthr oline-f errous  complex  indicator.     The  aver- 
age result  of  ten  determinations  was  0.07787  for  the  norm.al- 
ity  with  an  average  deviation  of    0,00005.     The  solution  vms 
standardized  with  stannous  oxide  by  dissolving  the  oxide  in 
normal  hydrochloric  acid  in  a  nitrogen  atmosphere  and  titrat- 
ing   using  o-phenantnroline-f errous  complex  indicator.  Fif- 
teen samples  from,  four  sources  gave  an  average  of  0,07795 
for  tho  normality  with  a  deviation  of  0.00004, 

A  0.1  N  air  free  oot-^ssium.  dichromate  solution  was  stand- 
arized  against  CP.  ferrous  amjnonium.  sulfate  in  sulfuric  acid 


6. 


solution.     Diphenylamine  was  used  as  the  indicator  and  '6b% 
phosphoric  acid  v/as  added  to  lower  the  ferric-ferrous  potent- 
ial.    The  averap;e  of  three  titrations  was  0,1205  with  a  devi- 
ation of    0.0001.     m  standardizing  with  stannous  oxide  di- 
phenylamine did  not  yield  a  good  end  point  in  artificial 
light.     Therefore,  two  grams  of  potassium  iodide  and  5  m.l.  of 
starch  indicator  were  added  to  the  sam.ple  which  had  been  dis- 
solved in  normal  hydrochloric  acid.     The  end  point  was  taken 
when  a  change  from  green  to  deep  blue  occurred.     The  average 
norm.ality  from  nine  titrations  was  0.1216  with  a  deviation 
of    0.0003.     The  use  of  stannous  oxide  as  a  standard  using 
these  directions  is  not  recommended. 

A  method  of  iodimetric  determination  of  tin  in  sodium 
citrate  solution  was  developed  from,  a  pot  en  time  trie  study  of 
the  stannous- stannic-citrate  couole.     The  m.ethod  suggested  is 
to  add  20  ml.   of  1.5  M  sodium,  citrate  solution  to  the  oxide 
dissolved  in  hydrochloric  acid.     Sodium  hydroxide  is  added 
until  the  pB  is  4-5,  »nd  the  solution  titrated  v/ith  iodine 
using  starch  indicator.     The  usual  protection  from  air  oxida- 
tion must  be  provided.     About  35  titrations  of  stannous  oxide 
sam.ples  gave  an  average  deviation  of  0.7  part  per  thousand 
lower  than  the  result  obtained  by  titrating  in  norm.al  hydro- 
chloric acid  solution.     The  stannous- stannic-citrate  couple 
at  pH  5  has  a  reduction  potential  about  0.2  volt  lower  than 
that  of  the  stannous-stannic  couple  and  hence  is  a  stronp;er 
reducing  asent  than  the  latter. 


Suiranary 

The  effects  of  the  hydrogen  ion  concentration,  the  temp 
erature,   sunlight,  and  the  presence  of  foreign  ions  on  the 
transformation  of  stannous  hydroxide  to  stiJinous  oxide  v/ere 
determined, 

A  m.ethod  for  preparing  pure  stannous  oxide  (99.5  %  SnO) 
WiiS  developed,  and  its  density,  stability  in  air,  hygroscop- 
icity,   and  crystal  properties  were  studied. 

Stannous  oxide  was  shown  to  have  the  qualities  necess- 
ary for  a  primary  standard.     It  gave  accurate  results  in 
standardizing  potassium  perm.anganate  and  eerie  sulfate  sol- 
utions, but  not  potassium  dichromate  solutions. 

A  m.odified  iodim.etric  m.ethod  for  the  determination  of 
tin  using  sodium,  citrate  was  developed. 
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The  Preparation  and  Properties  of  Stannous  Oxide 


Stannous  oxide  is  readily  prepared  by  three  methods.  The  most  important 
one  is  to  precipitate  the  hydrate  and  heat  it  in  either  an  acidic  or  basic 
suspension  to  convert  it  to  the  anhydrous  oxide.  A  crystalHne,  black  product 
is  obtained  by  this  method.  A  second  method  is  to  heat  the  dried  hydrate  in 
an  inert  atmosphere  to  drive  off  chemically  combined  water.  A  fine  brown 
powder  is  obtained.  The  third  method  is  to  heat  stannous  oxalate  to  300°C. 
The  products  are  stannous  oxide,  carbon  monoxide,  and  carbon  dioxide.  The 
latter  two  methods  were  not  studied. 

The  hydrogen  ion  concentration  of  the  solution  in  which  the  hydroxide  is 
suspended  before  conversion  to  the  oxide  is  very  important.  Its  effect  was 
studied  by  precipitating  stannous  hydroxide  with  sodium  hydroxide  and  ad- 
justing the  pH  with  either  acid  or  base.  The  suspension  was  then  heated. 
The  time  of  conversion  was  found  to  be  a  minimum  at  pH'3  and  at  pH  12-13. 
Between  these  two  points  it  increased  rapidly  and  at  pH  6-10  it  was  a  maxi- 
mum. At  pH  greater  than  13  deposition  of  the  oxide  is  seldom  observed  due 
to  its  high  solubility. 

The  crystal  structure  of  the  oxide  varied  with  the  hydrogen  ion  con- 
centration of  the  solution  from  which  it  was  prepared.  At  pH  2-4  dendritic 
and  irregular  crystals  were  formed.  In  the  vicinity  of  pH  5  the  deposition  was 
slow  enough  to  form  well  developed  square,  tabular  crystals  with  truncated 
edges.  At  pH  6-9  bi-pyramidal  and  acicular  crystals  were  often  observed. 
At  pH  11-13  the  crystals  were  relatively  thick,  square  and  tabular.  They 
were  opaque  and  fewer  in  number  than  those  formed  in  acidic  solutions. 

The  rate  of  formation  of  stannous  oxide  from  the  hydroxide  was  found 
to  increase  rapidly  with  the  temperature.  For  example,  a  suspension  of  the 
hydroxide  at  pH  4  was  only  25%  converted  after  425  days  at  25°C.;  at 
95 °C.  the  conversion  required  only  30  minutes. 

The  photochemical  sensitivity  of  stannous  hydroxide  was  confirmed  by 
exposing  samples  suspended  in  solutions  of  different  hydrogen  ion  concen- 
trations to  direct  sunlight,  light  from  a  100  watt  globe,  and  to  darkness, 
respectively.  The  greatest  darkening  of  the  hydroxide  occurred  in  those 
samples  exposed  to  sunlight,  but  only  in  one  case  (pH  4)  was  a  black  substance 
formed.  The  color  was  usually  medium  to  dark  brown.  The  hydroxide  ex- 
posed to  artificial  light  darkened  to  a  lesser  extent,  and  that  kept  in  the  dark 
remained  white.  Crystals  formed  in  several  of  the  samples  in  each  type  of 
exposure,  but  probably  were  not  due  to  any  effect  of  light. 

Stannous  hydroxide  was  heated  in  the  presence  of  the  sodium  salts  of 
several  anions  and  chloride  salts  of  several  metals.  The  results  showed  that, 
with  one  exception,  there  was  no  appreciable  catalytic  effect  on  the  rate  of 
conversion  to  the  oxide.  Cyanide  ion  was  found  to  inhibit  the  conversion 
process.  Starch  concentrations  greater  than  10'^%  also  prevented  the  oxide 
from  forming.  High  concentrations  of  any  foreign  compound  were  detri- 
mental to  good  crystal  development. 

Attempts  were  made  to  prepare  stannous  oxide  by  adding  stannous  chlo- 
ride solution  in  an  organic  solvent  to  a  solution  of  sodium  hydroxide  in  absolute 
ethanol  or  glycerol  and  heating  until  conversion  occurred.  The  solvents  used 
were  absolute  alcohol,  n-butanol,  glycerol,  pyridine,  and  formamide.  The 
stannous  chloride  was  anhydrous  and  dissolved  readily  in  each  of  the  solvents. 
White  precipitates  were  obtained  in  every  case,  but  a  black  product  was 


formed  only  in  formamidc  solution.  As  the  latter  solution  decomposed  readily 
tiie  reaction  was  not  studied. 

A  method  for  the  preparation  of  the  oxide  is  recommended  from  the 
study  of  the  factors  influencing  the  dehydration  of  the  hydroxide.  The 
hydroxide  is  prepared  by  adding  stannous  chloride  solution  (refluxed  with  tin 
metal)  to  an  excess  of  cold  ammonium  hydroxide.  The  precipitate  is  washed 
by  decantation  until  peptization  occurs.  The  hydrogen  ion  concentration  is 
then  adjusted  to  pH  5  with  hydrochloric  acid  or  to  pH  13  with  sodium 
hydroxide.  The  lower  hydrogen  ion  concentration  yields  more  numerous, 
smaller  crystals.  The  suspension  is  heated  at  100°C.  until  it  is  completely 
black  and  for  one-half  hour  thereafter.  The  product  in  either  case  analyses 
99.5%  SnO  when  pure  materials  are  used  and  an  inert  atmosphere  is 
maintained. 

Several  properties  of  stannous  oxide  were  studied.  The  density  was  de- 
termined by  the  pycnometric  method  to  be  6.35.  This  was  the  average  of 
several  samples  and  the  deviation  was +0.02. 

A  study  of  the  stability  of  stannous  oxide  on  heating  in  air  showed  that 
up  to  150°C.  no  oxidation  occurred  over  a  40  hour  period.  Longer  heating 
at  this  or  a  higher  temperatures  caused  oxidation  to  take  place.  A  thin  shell 
of  stannic  oxide  was  observed  to  form  over  the  crystals  on  oxidation.  This 
would  account  for  its  unusual  stability. 

Several  hundred  specimens  prepared  under  a  variety  of  conditions  were 
examined  microscopically.  Most  were  found  to  be  tabular,  square  crystals  with 
truncated  edges,  often  somewhat  distorted.  They  appeared  to  be  the  center 
section  of  a  doubly  truncated  tetragonal  bi-pyramid.  These  crystals  did  not 
polarize  light  when  lying  flat  and  were  too  thick  to  observe  any  polarization 
when  on  edge.  Polarization  was  observed  with  several  acicular  specimens 
deposited  at  pH  8.  These  exhibited  parallel  extinction.  One  specimen  con- 
tained some  small,  perfect  bi-pyramid  crystals. 

Stannous  Oxide  as  a  Primary  Standard 

Stannous  oxide  is  suitable  as  a  primary  standard  substance.  It  has  a 
moderately  high  equivalent  weight  (67.35),  it  is  readily  prepared,  is  stable, 
non-hygroscopic,  and  is  a  powerful  reducing  agent.  Its  solubility  was  found 
to  be  somewhat  limited  for  general  use  in  volumetric  analysis. 

Since  the  samples  of  stannous  oxide  were  analyzed  by  an  iodimetric 
method  it  follows  that  it  may  be  used  for  the  reverse  procedure  of  standardiz- 
ing iodine  solutions.  It  is  particularly  valuable  where  the  iodine  solution  is 
used  for  the  determination  of  tin. 

A  0.1  AJ,  air  free,  potassium  permanganate  solution  was  standardized 
with  arsenous  oxide  and  then  with  stannous  oxide.  The  latter  was  titrated 
in  normal  hydrochloric  acid  solution  in  a  nitrogen  atmosphere.  O-phenanthro- 
line-ferrous  complex  indicator  was  used  for  both  standardizations.  The  average 
of  20  titrations  with  five  different  samples  of  stannous  oxide  gave  0.1279  for 
the  normality  with  an  average  deviation  of  +  0.0001.  Standardized  with 
arsenous  oxide  the  solution  was  0.1278  7^,  with  an  average  deviation  of 
+0.0001. 

A  0.1  7\(  eerie  sulfate  solution  in  sulfuric  acid  (air  free)  was  standard- 
ized with  two  sources  of  arsenous  oxide  using  o-phenanthroline-ferrous  complex 
indicator.  The  average  result  of  ten  determinations  was  0.07787  for  the 
normality  with  an  average  deviation  of  ±  0.00003.  The  solution  was  stand- 


ardizcd  with  stannous  oxide  by  dissolving  the  oxide  in  normal  hydrochloric 
acid  in  a  nitrogen  atmosphere  and  titrating  using  o-phenanthroline-ferrous 
complex  indicator.  Fifteen  samples  from  four  sources  gave  an  average  of 
0.07795  for  the  normality  with  a  deviation  of  ^0.00004. 

A  0.1  7s(,  air  free  potassium  dichromate  solution  was  standardized  against 
CP.  ferrous  ammonium  sulfate  in  sulfuric  acid  solutions.  Diphenylamine  was 
used  as  the  indicator  and  85%  phosphoric  acid  was  added  to  lower  the 
ferric-ferrous  potential.  The  average  of  three  titrations  was  0.1205  with  a 
deviation  of  ±0.0001.  In  standardizing  with  stannous  oxide  diphenylamine 
did  not  yield  a  good  end  point  in  artificial  light.  Therefore,  two  grams  of 
potassium  iodide  and  5  ml.  of  starch  indicator  were  added  to  the  sample 
which  had  been  dissolved  in  normal  hydrochloric  acid.  The  end  point  was 
taken  v^'hen  a  change  from  green  to  deep  blue  occurred.  The  average  nor- 
mality from  nine  titrations  was  0.1216  with  a  deviation  of  i.0.0003.  The 
use  of  stannous  oxide  as  a  standard  using  these  directions  is  not  recommended. 

A  method  of  iodimetric  determination  of  tin  in  sodium  citrate  solution 
v^as  developed  from  a  potentiometric  study  of  the  stannous-stannic-citrate 
couple.  The  method  suggested  is  to  add  20  ml.  of  1.5  M,  sodium  citrate 
solution  to  the  oxide  dissolved  in  hydrochloric  acid.  Sodium  hydroxide  is 
added  until  the  pH  is  4-5,  and  the  solution  titrated  with  iodine  using  starch 
indicator.  The  usual  protection  from  air  oxidation  must  be  provided.  About 
35  titrations  of  stannous  oxide  samples  gave  an  average  deviation  of  0.7  part 
per  thousand  lower  than  the  result  obtained  by  titrating  in  normal  hydro- 
chloric acid  solution.  The  stannous-stannic-citrate  couple  at  pH  5  has  a  reduc- 
tion potential  about  0.2  volt  lower  than  that  of  the  stannous-stannic  couple 
and  hence  is  a  stronger  reducing  agent  than  the  latter. 

Summary 

The  eflrects  of  the  hydrogen  ion  concentration,  the  temperature,  sunlight, 
and  the  presence  of  foreign  ions  on  the  transformation  of  stannous  hydroxide 
to  stannous  oxide  were  determined. 

A  method  for  preparing  pure  stannous  oxide  (99.5%  SnO)  was  devel- 
oped, and  its  density,  stability  in  air,  hygroscopicity,  and  crystal  properties 
were  studied. 

Stannous  oxide  was  shown  to  have  the  qualities  necessary  for  a  primary 
standard.  It  gave  accurate  results  in  standardizing  potassium  permanganate 
and  eerie  sulfate  solutions,  but  not  potassium  dichromate  solutions. 

A  modified  iodimetric  method  for  the  determination  of  tin  using  sodium 
citrate  was  developed. 
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